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Preface 


The H8/3042 Series is a series of high-performance microcontrollers that integrate system 
supporting functions together with an H8/300H CPU core. 

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a 
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address 
space. 

The on-chip system supporting functions include ROM, RAM, a 16-bit integrated timer unit 
(ITU), a programmable timing pattern controller (TPC), a watchdog timer (WDT)), a serial 
communication interface (SCI), an A/D converter, a D/A converter, I/O ports, a direct memory 
access controller (DMAC), a refresh controller, and other facilities. 

The address space is divided into eight areas. The data bus width and access cycle length can be 
selected independently in each area, simplifying the connection of different types of memory. 
Seven operating modes (modes | to 7) are provided, offering a choice of initial data bus width and 
address space size. 

With these features, the H8/3042 Series can be used to implement compact, high-performance 
systems easily. 

This manual describes the hardware of the H8/3042 Series. For details of the instruction set, refer 
to the H8/300H Programming Manual. 
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Section | Overview 


1.1 Overview 


The H8/3042 Series is a series of microcontrollers (MCUs) that integrate system supporting 
functions together with an H8/300H CPU core having an original Hitachi architecture. 


The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a 
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address 
space. Its instruction set is upward-compatible at the object-code level with the H8/300 CPU, 
enabling easy porting of software from the H8/300 Series. 


The on-chip system supporting functions include ROM, RAM, a 16-bit integrated timer unit 
(ITU), a programmable timing pattern controller (TPC), a watchdog timer (WDT), a serial 
communication interface (SCI), an A/D converter, a D/A converter, I/O ports, a direct memory 
access controller (DMAC), a refresh controller, and other facilities. 


The three members of the H8/3042 Series are the H8/3042, the H8/3041, and the H8/3040. The 
H8/3042 has 64 kbytes of ROM and 2 kbytes of RAM. The H8/3041 has 48 kbytes of ROM and 
2 kbytes of RAM. The H8/3040 has 32 kbytes of ROM and 2 kbytes of RAM. 


Seven MCU operating modes offer a choice of data bus width and address space size. The modes 
(modes | to 7) include two single-chip modes and five expanded modes. 


In addition to the masked-ROM versions of the H8/3042 Series, the H8/3042 has a ZTAT™ * 
version with user-programmable on-chip PROM. This version enables users to respond quickly 
and flexibly to changing application specifications, growing production volumes, and other 
conditions. 


Table 1-1 summarizes the features of the H8/3042 Series. 


Note: * ZTAT (Zero Turn-Around Time) is a trademark of Hitachi, Ltd. 


Table 1-1 Features 


Feature 


Description 





CPU 


Upward-compatible with the H8/300 CPU at the object-code level 
General-register machine 


« Sixteen 16-bit general registers 
(also useable as sixteen 8-bit registers or eight 32-bit registers) 


High-speed operation 
¢« Maximum clock rate: 16 MHz 


¢ Add/subtract: 125 ns 
¢ Multiply/divide: 875 ns 


Two CPU operating modes 

« Normal mode (64-kbyte address space) 

« Advanced mode (16-Mbyte address space) 

Instruction features 

* 8/16/32-bit data transfer, arithmetic, and logic instructions 

¢ Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16 bits) 
¢ Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits) 


¢ Bit accumulator function 
¢ Bit manipulation instructions with register-indirect specification of bit positions 





Memory 


H8/3042 


* ROM: 64 kbytes 
« RAM: 2 kbytes 


H8/3041 


« ROM: 48 kbytes 
« RAM: 2 kbytes 


H8/3040 


* ROM: 32 kbytes 
« RAM: 2 kbytes 





Interrupt 
controller 


* Seven external interrupt pins: NMI, IRQo to IRQs 
* 30 internal interrupts 
« Three selectable interrupt priority levels 





Bus controller 


« Address space can be partitioned into eight areas, with independent bus 
specifications in each area 

* Chip select output available for areas 0 to 3 

* 8-bit access or 16-bit access selectable for each area 

¢ Two-state or three-state access selectable for each area 

* Selection of four wait modes 

¢ Bus arbitration function 





Table 1-1 Features (cont) 


Feature 


Refresh 
controller 


Description 
DRAM refresh 


Directly connectable to 16-bit-wide DRAM 
CAS-before-RAS refresh 
Self-refresh mode selectable 


Pseudo-static RAM refresh 


Self-refresh mode selectable 


Usable as an interval timer 





DMA controller 
(DMAC) 


Short address mode 


Maximum four channels available 

Selection of I/O mode, idle mode, or repeat mode 

Can be activated by compare match/input capture A interrupts from ITU 
channels 0 to 3, SCI transmit-data-empty and receive-data-full interrupts, or 
external requests 


Full address mode 


Maximum two channels available 

Selection of normal mode or block transfer mode 

Can be activated by compare match/input capture A interrupts from ITU 
channels 0 to 3, external requests, or auto-request 





16-bit integrated 
timer unit (ITU) 


Five 16-bit timer channels, capable of processing up to 12 pulse outputs or 10 
pulse inputs 

16-bit timer counter (channels 0 to 4) 

Two multiplexed output compare/input capture pins (channels 0 to 4) 
Operation can be synchronized (channels 0 to 4) 

PWM mode available (channels 0 to 4) 

Phase counting mode available (channel 2) 

Buffering available (channels 3 and 4) 

Reset-synchronized PWM mode available (channels 3 and 4) 
Complementary PWM mode available (channels 3 and 4) 

DMAC can be activated by compare match/input capture A interrupt 
(channels 0 to 3) 





Programmable 
timing pattern 
controller (TPC) 


Maximum 16-bit pulse output, using ITU as time base 

Up to four 4-bit pulse output groups (or one 16-bit group, or two 8-bit groups) 
Non-overlap mode available 

Output data can be transferred by DMAC 





Watchdog 
timer (WDT), 
1 channel 


Reset signal can be generated by overflow 
Reset signal can be output externally 
Usable as an interval timer 





Table 1-1 Features (cont) 


Feature 


Description 





Serial 
communication 
interface (SCI), 
2 channels 


* Selection of asynchronous or synchronous mode 
¢ Full duplex: can transmit and receive simultaneously 
On-chip baud-rate generator 





A/D converter 


Resolution: 10 bits 
Eight channels, with selection of single or scan mode 
Variable analog conversion voltage range 
Sample-and-hold function 
Can be externally triggered 





D/A converter 


Resolution: 8 bits 


Two channels 





I/O ports 


70 input/output pins 


8 input-only pins 





Operating modes 


Seven MCU operating modes 


Address Address 
Mode Space Pins 


Initial Bus Max. Bus 
Width Width 
























































Mode 1 1 Mbyte Aigto Ag = 8 bits 16 bits 
Mode 2 1 Mbyte Aigto Ag =: 16 bits 16 bits 
Mode 3 16 Mbytes As3toAy 8 bits 16 bits 
Mode 4 16 Mbytes As3toAp 16 bits 16 bits 
Mode 5 1 Mbyte AigtoAg = 8 bits 16 bits 
Mode 6 64 kbytes — _ —_ 
Mode 7 1 Mbyte —_— —_ — 
Power-down * Sleep mode 
state ¢ Software standby mode 
* Hardware standby mode 
Other features * On-chip clock oscillator 
Product lineup Model (5-V) Model (3-V) Package ROM 
HD6473042TF HD6473042VTF 100-pin TQFP (TFP-100B) PROM 
HD6473042F HD6473042VF 100-pin QFP (FP-100B) 
HD6433042TF HD6433042VTF 100-pin TQFP (TFP-100B) Masked ROM 
HD6433042F HD6433042VF 100-pin QFP (FP-100B) 
HD6433041TF HD6433041VTF 100-pin TQFP (TFP-100B) Masked ROM 
HD6433041F HD6433041VF 100-pin QFP (FP-100B) 
HD6433040TF HD6433040VTF 100-pin TQFP (TFP-100B) Masked ROM 
HD6433040F HD6433040VF 100-pin QFP (FP-100B) 





1.2 Block Diagram 


Figure 1-1 shows an internal block diagram. 
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Figure 1-1 Block Diagram 





1.3 Pin Description 


1.3.1 Pin Arrangement 


Figure 1-2 shows the pin arrangement of the H8/3042 Series. 
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Figure 1-2 Pin Arrangement (FP-100B or TFP-100B, Top View) 


1.3.2 Pin Functions 


Pin Assignments in Each Mode: Table 1-2 lists the pin assignments in each mode. 


Table 1-2 Pin Assignments in Each Mode (FP-100B or TFP-100B) 













































































































































































Pin Pin Name 
No. Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7 PROM 
Mode vy... Voc Voc Voc Voc Voc Voc Voc 
1 PBy/TPg/TIOCAs —-PB/TPg/TIOCAg ~—-PBp/TPg/TIOCA3 ~—-PBg/TPg/TIOCAg ~~ PBo/TPg/TIOCA3 —-PBy/TPg/TIOCAg “PB /TPg/TIOCAg «NC 
2 PBy/TPe/TIOCBg ——-PBy/TPa/TIOCB, ~—«~PB,/TP9/TIOCBg —~PBy/TPa/TIOCB,~—-PB,/TPg/TIOCB, —-PBy/TPo/TIOCBg ~—~PBy/TPa/TIOCB, ~—- NC 
3 PBp/TPyg/TIOCA, —PBo/TPyo/TIOCA, —PBp/TPyp/TIOCAy —PBa/TPo/TIOCAg © PBp/TPj/TIOCAg —PBa/TPy9/TIOCAg ~—-PBp/TPya/TIOCA, NC 
4 PBg/TP,{/TIOCBy —PBg/TP4/TIOCB, —PBa/TP}4/TIOCBy —PBs/TP4/TIOCBg —PBg/TPy /TIOCBy PBg/TP,4/TIOCBy + PBg/TPy4/TIOCB, + NC 
5 PBy/TPyp/TOCXAy —PBy/TPyo/TOCXAg PBy/TPjp/TOCXAy PBg/TP2/TOCXAg PBy/TPj9/TOCXA, PBg/TPp/TOCXAy PBy/TPy/TOCXA, NC 
8 — PBg/TP49/TOCXBy PBs/TP13/TOCXBy PBs/TPj3/TOCXBy PBs/TP/TOCXBy PBg/TPj4/TOCXB, PBg/TP3/TOCXBy PBs/TP3/TOCXB, NC 
7 PBG/TP14/DREQ) —PBg/TPy4/DREQ) PBg/TPy4/DREQy  PBg/TPj4/DREQ) © PBg/TPy4/DREQ)  PBg/TPy4/DREQ) PBg/TPy4/DREQ) NC 
8 pB,/TPig/DREQ)/ PBy/TPs/DREQ,/ PBy/TP;s/DREQ;/ PB7/TPjs/DREQ,/ PBy/TPys/DREQ,/ PBy/TPys/DREQ;/ PB;/TPjs/DREQ)/ NC 
9 ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG 

RESO RESO RESO RESO RESO RESO RESO iiss 
10 Veg Vss Vss Vss Vss Vss Vss Vss 
11 pay /TxDp PQ9/TxDy P99/TxDy PQp/TxDp PQ9/TxDy PQ, /TxDo PQp/TxDo NC 
12 pg, /Tx, P94/TxD, P9,/TxD, P9,/TxD, P94/TxD, P9,/TxD, P9,/TxD, NC 
13 pg,/RxDy P99/RxDy PY9/RxDp PQp/RxDo P99/RxDy PQp/RxDp PQp/RxDo NC 
14 pgs/RxD, P94/RxD, P9s/RxD, PQ /RxD, P94/RxD, PQ/RxDy PQ,/RxD, NC 
15 pg,/SCK,/IRQ, P94/SCK/IRQy P94/SCKg/IRQ, PQ4/SCKo/IROQq P94/SCKg/IRQ, —- P94/SCKy/IRO, PQ4/SCKy/IRQ, = NC 
18 pg./SCK,/IROs P9./SCK,/IRQ; P95/SCK,/IROs P96/SCK,/IROs, P9</SCK,/IROs PQ5/SCK,/IROs PQ5/SCK,/IRQ, NC 
17 pa g/Dy" P4o/Dy*2 P4g/Dy"! P49/D9*2 P4o/Dy"! P4y P4y NC 
18 pqs," P4,/D,*2 P4,/D,"1 P4,/D4*2 P4,/D,"1 PA, PA, NC 
19 pay/Do"t P4o/Dp*2 P4o/Do"! P4/Dp*2 P4o/Do"! P4y P4y NC 
20 Pay/Da"t P4q/D3*2 P4a/D3"! P4/D9*2 P44/D3"1 Pd, P4, NC 
21 Veg Vss Vss Vss Vss Vss Vss Vss 
22 paylD 4" P44/D4*2 P44/D,*1 P4,/D,*2 P44/D4*1 PA, PA, NC 
23 Pag /Dg"t P45/D5*2 P4s/D5"! P4s/D5*2 P4s/D5"! P4s P4s NC 
24 Pde/Dett P4g/Dg*2 P4g/Dg"! Pde /Dg*2 P4g/Dg"! Pde Pde NC 
25 Py /Dyt P47/D7*2 P47/D7"1 P4,/D7*2 P47/D7"1 P4, P4, NC 
26 Dy Ds Ds Ds Ds P3q P3q EOp 
oF ng Dg Dg Dg Dg P3, P3, EO, 
28 Dio Dio Dio Dio Dio P3p P3p EO, 
29 On Diy Di Dit Diy P33 P35 EO, 
30 Dy Dio Dio Dio Dio P34 P34 EO, 
31 Dig Dig Dig Dig Dig P35 P35 EOs 
32 ta Di4 Di4 Di4 Di4 P3g P3, EO, 
33 


Notes: 1. In modes 1, 3, and 5 the P4g to P47 functions of pins P4,/Dg to P47/D7 are selected after a reset, but they can be changed by software. 


2. In modes 2 and 4 the Dy to D7 functions of pins P4)/Dy to P47/D7 are selected af 
3. Pins marked NC should be left unconnected. 


4. For details about PROM mode see section 17.2, PROM Mode. 





er areset, but they can be changed by software. 


Table 1-2 Pin Assignments in Each Mode (FP-100B or TFP-100B) (cont) 




















































































































Pin Pin Name 

No. Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7 PROM 
Mode 1, Dis Dis Dis Dis P37 P37 EO, 
4 Voc Voc Voc Voc Voc Voc Voc Voc 
35 Ay Ay Ay Ay Pt g/Ay Pt Ply EA) 
36 Ay Ay Ay Ay Pty/Ay Pty Pty, EA, 
S7 Ay Ap Ay Ap Pto/Ay Pty Plo EAy 
38 A, Ay Ay As Ptg/Ag Pt Pls EAg 
39 Ay Ay Ay Ay Pt glAy Pty Ply EA, 
40 A, As As As Pis/As Ptr Pls EAs 
aly Ae As As As Ptg/Ag Pte Ple EAs 
ae Ay Ay Ay Pty/Ay Piz Pl, EA, 
43 Vgg Vs Vgs Vs Vss Vgs Vss Vgs 
MAS As Ag As Ag P25/Ag P29 P2, EAg 
45 Ag Ag Ag Ag P24/Ag P2 P2, OE 
46 Ato Ato Ato Ato P2s/A10 P2, P2o EAto 
Ty Ai Au An P2s/A11 P2, P23 EAny 
ne Ato Ate Ato P2g/At2 P24 P24 EAto 
9 Ag Aig Aig Aig P2s/A13 P25 P25 EAts 
50 Aig Ata Ata Ata P2g/At4 P2¢ P26 EAt4 
St As ANS Ais At5 P27/At5 P27 P27 CE 
2 ts Ate Ate Ate PSo/At6 P5o P5o Voc 
83 Ay AW7 AW7 AW7 PS/Aq7 P51 PS Voc 
54g Aig Ais Aig PSo/Atg P52 PSp NC 
58 Ag Atg Aig Atg PSg/Atg P5g P53 NC 
56 Vgg Vs Vgs Vgs Vss Vs Vsg Vsg 
57 PG y/WAIT P6,/WAIT P6y/WAIT P6,/WAIT P6,/WAIT P6, P6y EAs 
58 p6,/BREQ P6,/BREQ P6 ,/BREQ P6,/BREQ P6,/BREQ PG, P6, NC 
59 PG /BACK P6,/BACK P6,/BACK P6/BACK P6,/BACK Pb, P6> NC 
80 5 ® 9 ® 9 ® 9 NC 
61 STBY STBY STBY STB STBY STBY STBY Ves 
62 RES RES RES RES RES RES RES NC 
63 NMI NMI NMI NMI NMI NMI NMI EA 
84 Vgg Vs Vgg Vs Vss Vs Vss Vs 
85 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL NC 
86 XTAL XTAL XTAL XTAL XTAL XTAL XTAL NC 
87 Voc Voc Voc Voc Voc Voc Voc Voc 
68 AS AS aS aS iS P6, P6, NC 
89 RD RD RD RD RD Pb, Pb, NC 
70 


Notes: 1. In modes 1, 3, and 5 the P4 to P47 functions of pins P49/Dp to P47/D7 are selected after a reset, but they can be changed by software. 


2. In modes 2 and 4 the Dg to D7 functions of pins P49/Dy to P47/D7 are selected after a reset, but they can be changed by software. 
3. Pins marked NC should be left unconnected. 
4. For details about PROM mode see section 17.2, PROM Mode. 


Table 1-2 Pin Assignments in Each Mode (FP-100B or TFP-100B) (cont) 











































































































































































































Pin Pin Name 
No. Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7 PROM 
Mode FWA AWR WR AWR HWR P65 P65 NC 
7 TwR iwa wR wR IWR Pb, Pb, NC 
72 MDy MDy MD, MDy MDy MD, MDy Veg 
73 MD, MD, MD, MD, MD, MD, MD, Veg 
74 MD, MD» MD, MD, MD» MD, MD, Veg 
78 Nec AVoc AVoo AVoc AVcc AVoc AV Voc 
78 Vper VreF VReF VReF VReF VReF VreF Voc 
77 B7y/ANy P7o/ANg P7)/ANo P7/ANo P7o/ANo P7/ANy P7/ANo NC 
78 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC 
79 P7p/ANp P7>/AN> P7>/ANp P75/ANp P7>/AN> P7>/ANo P75/ANp NC 
80 P75/ANg P73/ANg P73/ANg P7,/ANg P73/ANg P7,/ANg P7,/ANg NC 
817 y/AN, P74/ANg P74/ANg P7,/ANg P74/ANg P7,/ANg P7,/ANg NC 
82 P75/ANs P75/ANs, P75/ANs, P7,/ANs P7./ANs, P7./ANs, P7,/ANs NC 
83 P75/ANg/DAg P7¢/ANg/DAg P7¢/ANg/DAg P7,/ANg/DAg P7¢/ANg/DAg P7¢/ANg/DAg P7,/ANg/DAg NC 
84 P7,/AN7/DAy P77/AN7/DAy P77/AN7/DAy P77/AN7/DAy P77/AN7/DAy P77/AN7/DAy P77/AN7/DAy NC 
8 AVgg AVsg AVss AVsg AVsg AVsg AVsg Vss 
86 pg/RFSH/IRQ) © P8y/AFSH/IRQ, © P8_/RFSH/IRQ) —P&g/RFSH/IRQ, © PBp/RFSH/IRQ —PBy/IRQ P8y/IROQy EAig 
87 pg, /CS4/IRQ, P8,/CS,/IRQ, P8,/CS,/IRQ, P8,/CSq/IRQ, P8,/CS,/IRQ, P8,/IRQ, P8,/IRQ, PGM 
88 pg y/CSp/IRO, P8,/CS,/IRQ, P8,/CSo/IRQ, P8,/CSo/IRQ, P8,/CS,/IRQ, P8,/IRQ, P8,/IRQ> NC 
89 pgs/CS,/IRQ, P8,/CS;/IRO, P8,/CS,/IRQ, P84/CS;/IRQ, P8,/CS,/IRO, P8,/IRO3 P8,/IROg NC 
90 Ps ,/C8y P8,/CS, P8,/CS, P8,/CS, P8,/CS, PB, PB, NC 
9! Vg Vs Vs Vss Vs Vgs Vss Vgs 
92 PAg/TPoTENDy/ —-PAg/TPo/TENDg/ © PAg/TPo/TENDy/ —-PAg/TPy/TENDo/ ~—-PAg/TPo/TENDo/ ~—-PAg/TPg/TENDy/ ~—-PAg/TP/TENDp/ NC 
93 TCLKA TCLKA CLKA TCLKA TCLKA TCLKA TCLKA 

PA,/TP4/TEND,/ = PAy/TP4/TEND;/ = PAy/TP,/TEND,/ = PA,/TP,/TEND,/ = PA,/TPy/TEND,/ = PAy/TPy/TEND,/ = PAy/TPy/TEND,/ = NC 
94 TCLKB TCLKB CLKB TCLKB TCLKB TCLKB TCLKB 

PAg/TPo/TIOCAg! = PAp/TPa/TIOCAg/ == PAg/TPa/TIOCAg/ ~—-PAg/TPa/TIOCAg/ = PAg/TPa/TIOCAg/ =~ PAg/TP/TIOCAg/ ~—- PAp/TP/TIOCAg/ = NC 
95 TCLKC TCLKC CLK TCLKC TCLKC TCLKC TCLKC 

PA3/TP3/TIOCBg/ — PAg/TP3/TIOCBy/ —- PAg/TP3/TIOCBy/ —- PAg/TP3/TIOCBy/ ~—PAg/TP2/TIOCBy/ ~~ PAg/TP3/TIOCBg/ ~—- PAg/TP3/TIOCBy/ + NC 
96 TCLKD TCLKD CLKD TCLKD TCLKD TCLKD TCLKD 

PAgITPy/TIOCA, — PAg/TPy/TIOCA, —- PAg/TPg/TIOCAy/ = PAg/TPg/TIOCAy/ == PAg/TPy/TIOCA, ~~ PAg/TPy/TIOCA, += PAg/TPy/TIOCA, += NC 
97 Ag3 Ao3 

PAs/TPs/TIOCB, PAs/TPs/TIOCB, PAs/TPs/TIOCBy/ = PAs/TPs/TIOCB,/ = PAs/TPs/TIOCB, PAs/TPs/TIOCB, PAs/TPs/TIOCB, NC 
98 Ago Age 

PAg/TPe/TIOCAp —PAg/TPg/TIOCAn ~—-PAg/TPg/TIOCAg/ ~—-PAg/TPg/TIOCAy/ ~—PAg/TPg/TIOCAn ~—s-PAg/TPg/TIOCAp ~—s-PAg/TPg/TIOCAn ~—- NC 
99 Aat Agr 

PAZ/TP7ITIOCBy —-PA7/TP7/TIOCBp ~—SPAz/TP7/TIOCBo/ = PAz/TP7/TIOCBy/—-PAz/TP7/TIOCBy ~—-PA7/TP7/TIOCBy ~—-PAZ/TPZ/TIOCBy ~—- NC 
100 Ago Azo 
Notes: 1. In modes 1, 3, and 5 the P4q to P47 functions of pins P49/Dg to P47/D7 are selected after a reset, but they can be changed by software. 

2. In modes 2 and 4 the Dg to D7 functions of pins P49/Do to P47/D7 are selected after a reset, but they can be changed by software. 





3. Pins marked NC should be left unconnected. 
4. For details about PROM mode see section 17.2, PROM Mode. 


1.4 Pin Functions 


Table 1-3 summarizes the pin functions. 


Table 1-3 Pin Functions 

















Type Symbol Pin No. V0 Name and Function 
Power Voc 1,35,68 Input Power: For connection to the power supply 
(+5 V). Connect all Vcc pins to the +5-V system 
power supply. 
Vss 11, 22,44, Input Ground: For connection to ground (0 V). 
57, 65, 92 Connect all Vsg pins to the 0-V system power 
supply. 
Clock XTAL 67 Input = For connection to a crystal resonator. 
For examples of crystal resonator and external 
clock input, see section 18, Clock Oscillator. 
EXTAL 66 Input For connection to a crystal resonator or input of 
an external clock signal. For examples of 
crystal resonator and external clock input, see 
section 18, Clock Pulse Generator. 
i) 61 Output System clock: Supplies the system clock to 
external devices 
Operating MDz to MDp 75 to 73 Input Mode 2 to mode 0: For setting the operating 


mode control 
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mode, as follows. Inputs at these pins must not 
be changed during operation. 


MD, 


= 
a 


MD, Operating Mode 





Mode 1 





Mode 2 





oO}; Oo; oO; oO 


Mode 3 
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Mode 4 





Mode 5 





Mode 6 





—/-|/o/!|o; —-/] = | O | © 


0 
1 
0 
1 
0 
1 
0 
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Mode 7 





Table 1-3 Pin Functions (cont) 















































Type Symbol Pin No. 0 Name and Function 
System control RES 63 Input Reset input: When driven low, this pin resets 
the chip 

RESO 10 Output Reset output: Outputs a reset signal to 
external devices 

STBY 62 Input Standby: When driven low, this pin forces 
a transition to hardware standby mode 

BREQ 59 Input Bus request: Used by an external bus master 
to request the bus right 

BACK 60 Output Bus request acknowledge: Indicates that the 
bus has been granted to an external bus 
master 

Interrupts NMI 64 Input Nonmaskable interrupt: Requests a 
nonmaskable interrupt 

IRQs to 17, 16, Input Interrupt request 5 to 0: Maskable interrupt 

IRQo 90 to 87 request pins 

Address bus Ao3 to Ag 97to100, Output Address bus: Outputs address signals 
56 to 45, 
43 to 36 
Data bus Di5toDyp 341023 Input/ Data bus: Bidirectional data bus 
21 to 18 output 
Bus control CS3 to CSp 88 to 91 Output Chip select: Select signals for areas 3 to 0 

AS 69 Output Address strobe: Goes low to indicate valid 
address output on the address bus 

RD 70 Output Read: Goes low to indicate reading from the 
external address space 

HWR 71 Output High write: Goes low to indicate writing to the 
external address space; indicates valid data on 
the upper data bus (Dj. to Dg). 

LWR 72 Output Low write: Goes low to indicate writing to the 
external address space; indicates valid data on 
the lower data bus (D7 to Do). 

WAIT 58 Input Wait: Requests insertion of wait states in bus 


11 


cycles during access to the external address 
space 


Table 1-3 Pin Functions (cont) 


















































Type Symbol Pin No. V0 Name and Function 
Refresh RFSH 87 Output Refresh: Indicates a refresh cycle 
controller 
CS3 88 Output Row address strobe RAS: Row address 
strobe signal for DRAM connected to area 3 
RD 70 Output Column address strobe CAS: Column 
address strobe signal for bit DRAM connected 
to area 3; used with 2WE DRAM. 
Write enable: Write enable signal for DRAM 
connected to area 3; used with 2CAS DRAM. 
HWR 71 Output Upper write: Write enable signal for DRAM 
connected to area 3; used with 2WE DRAM. 
Upper column address sirobe: Column 
address strobe signal for DRAM connected to 
area 3; used with 2CAS DRAM. 
LWR 72 Output Lower write: Write enable signal for DRAM 
connected to area 3; used with 2WE DRAM. 
Lower column address strobe: Column 
address strobe signal for DRAM connected to 
area 3; used with 2CAS DRAM. 
DMA DREQ,, 9,8 Input DMA request 1 and 0: DMAC activation 
controller DREQ) requests 
(DAC) TEND, 94, 93 Output Transfer end 1 and 0: These signals indicate 
TENDo that the DMAC has ended a data transfer 
16-bit TCLKD to 96to 93 Input Clock input D to A: External clock inputs 
integrated TCLKA 
timer-unit 
(ITU) TIOCA,to 4, 2, 99, Input/ Input capture/output compare A4 to AO: 
TIOCA) 97,95 output GRA4 to GRAO output compare or input 
capture, or PWM output 
TIOCB,to 5,3,100, Input/ Input capture/output compare B4 to BO: 
TIOCBy 98, 96 output GRB4 to GRBO output compare or input 
capture, or PWM output 
TOCXA, Output Output compare XA4: PWM output 
TOCXB, Output Output compare XB4: PWM output 
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Table 1-3 Pin Functions (cont) 









































Type Symbol Pin No. VO Name and Function 
Programmable TPys to 9to2 Output TPC output 15 to 0: Pulse output 
timing pattern TP o 100 to 93 
controller (TPC) 
Serial com- TxD,, 13, 12 Output Transmit data (channels 0 and 1): SCI data 
munication TxDo output 
inericee (oe) RxD,, 15, 14 Input Receive data (channels 0 and 1): SCI data 
RxDo input 
SCK;, 17, 16 Input/ Serial clock (channels 0 and 1): SCI clock 
SCKg output input/output 
A/D converter AN7toANy 85 to 78 Input Analog 7 to 0: Analog input pins 
ADTRG 9 Input A/D trigger: External trigger input for starting 
A/D conversion 
D/A converter DA;,DA 85, 84 Output Analog output: Analog output from the 
D/A converter 
A/D and D/A MVocc 76 Input Power supply pin for the A/D and 
converters D/A converters. Connect to the system power 
supply (+5 V) when not using the A/D and 
D/A converters. 
AVss 86 Input Ground pin for the A/D and D/A converters. 
Connect to system ground (0 V) when not 
using the A/D and D/A converters. 
VREF 77 Input Reference voltage input pin for the A/D and 
D/A converters. Connect to the system power 
supply (+5 V) when not using the A/D and 
D/A converters. 
I/O ports Pi7toPig 43 to 36 Input/ Port 1: Eight input/output pins. The direction of 
output each pin can be selected in the port 1 data 
direction register (P1DDR). 
P27toP2, 52to 45 Input/ ~=Port 2: Eight input/output pins. The direction of 
output each pin can be selected in the port 2 data 
direction register (P2DDR). 
P37 to P39 34 to 27 Input/ ~=Port 3: Eight input/output pins. The direction of 
output each pin can be selected in the port 3 data 
direction register (P3DDR). 
P47 to P4, 26 to 23 Input/ ~=Port 4: Eight input/output pins. The 
21 to 18 output direction of each pin can be selected in the port 


4 data direction register (P4DDR). 
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Table 1-3 Pin Functions (cont) 























Type Symbol Pin No. VO Name and Function 
I/O ports P53 t0 P5g 56 to 53 Input/ Port 5: Four input/output pins. The direction of 
output each pin can be selected in the port 5 data 
direction register (PSDDR). 
P6,to P69 72 to 69 Input/ Port 6: Seven input/output pins. The direction 
60 to 58 output of each pin can be selected in the port 6 data 
direction register (P6DDR). 
P77toP7, 85 to 78 Input = Port 7: Eight input pins 
P8,to P8 91 to 87 Input/ Port 8: Five input/output pins. The direction of 
output each pin can be selected in the port 8 data 
direction register (P8DDR). 
P95to P99 17to0 12 Input/ Port 9: Six input/output pins. The direction of 
output each pin can be selected in the port 9 data 
direction register (P9DDR). 
PA7to PAg 100to93 Input/ Port A: Eight input/output pins. The direction of 
output each pin can be selected in the port A data 
direction register (PADDR). 
PB7toPBy 9to2 Input/ Port B: Eight input/output pins. The direction of 
output each pin can be selected in the port B data 
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direction register (PBDDR). 


Section 2 CPU 


2.1 Overview 


The H8/300H CPU is a high-speed central processing unit with an internal 32-bit architecture that 
is upward-compatible with the H8/300 CPU. The H8/300H CPU has sixteen 16-bit general 
registers, can address a 16-Mbyte linear address space, and is ideal for realtime control. 


2.1.1 Features 


The H8/300H CPU has the following features. 


Upward compatibility with H8/300 CPU 

Can execute H8/300 Series object programs 

General-register architecture 

Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit registers) 
Sixty-two basic instructions 


— 8/16/32-bit arithmetic and logic instructions 
— Multiply and divide instructions 
— Powerful bit-manipulation instructions 


Eight addressing modes 


— Register direct [Rn] 

— Register indirect [@ERn] 

— Register indirect with displacement [@(d:16, ERn) or @(d:24, ERn)] 

— Register indirect with post-increment or pre-decrement [@ERn+ or @-ERn] 
— Absolute address [@aa:8, @aa:16, or @aa:24] 

— Immediate [#xx:8, #xx:16, or #xx:32] 

— Program-counter relative [@(d:8, PC) or @(d:16, PC)] 

— Memory indirect [@@aa:8] 


16-Mbyte linear address space 


High-speed operation 


— All frequently-used instructions execute in two to four states 


— Maximum clock frequency: 16 MHz 
— 8/16/32-bit register-register add/subtract: 125 ns 
— 8 x 8-bit register-register multiply: 875 ns 
— 16 ~+ 8-bit register-register divide: 875 ns 
— 16x 16-bit register-register multiply: 1.375 us 
— 32 + 16-bit register-register divide: 1.375 us 


Two CPU operating modes 


— Normal mode 
— Advanced mode 


Low-power mode 


Transition to power-down state by SLEEP instruction 


2.1.2 Differences from H8/300 CPU 


In comparison to the H8/300 CPU, the H8/300H has the following enhancements. 


More general registers 
Eight 16-bit registers have been added. 
Expanded address space 


— Advanced mode supports a maximum 16-Mbyte address space. 
— Normal mode supports the same 64-kbyte address space as the H8/300 CPU. 


Enhanced addressing 


The addressing modes have been enhanced to make effective use of the 16-Mbyte address 
space. 


Enhanced instructions 


— Data transfer, arithmetic, and logic instructions can operate on 32-bit data. 
— Signed multiply/divide instructions and other instructions have been added. 
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2.2 CPU Operating Modes 


The H8/300H CPU has two operating modes: normal and advanced. Normal mode supports a 
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes. See figure 2-1. 














Normal mode 




















CPU operating modes 











Advanced mode 














Maximum 64 kbytes, program 
and data areas combined 


Maximum 16 Mbytes, program 
and data areas combined 





Figure 2-1 CPU Operating Modes 





2.3 Address Space 


Figure 2-2 shows a simple memory map for the H8/3042 Series. The H8/300H CPU can address a 
linear address space with a maximum size of 64 kbytes in normal mode, and 16 Mbytes in 
advanced mode. For further details see section 3.6, Memory Map in Each Operating Mode. 


The 1-Mbyte operating modes use 20-bit addressing. The upper 4 bits of effective addresses are 
ignored. 























H'0000 H'00000 H'000000 
H'FFFF 
H'FFFFF 
H'FFFFFF 
a. 1-Mbyte mode b. 16-Mbyte mode 
we = /) 
Normal mode Advanced mode 








Figure 2-2 Memory Map 
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2.4 Register Configuration 
2.4.1 Overview 


The H8/300H CPU has the internal registers shown in figure 2-3. There are two types of registers: 
general registers and control registers. 





General Registers (ERn) 





























15 0 7 0 7 0 
ERO EO ROH ROL 
ER1 E1 R1H RiL 
ER2 E2 R2H R2L 
ER3 E3 R3H R3L 
ER4 E4 R4H R4L 
ER5 E5 RSH RSL 
ER6 E6 R6H R6L 
ER7 E7 (SP) R7H R7L 














Control Registers (CR) 
23 0 





PC 








76543210 
CCR |1 |UIH|UJN|Z|V{iC 



































Legend 

SP: Stack pointer 

PC: Program counter 

CCR: Condition code register 
I: Interrupt mask bit 

Ul: — User bit or interrupt mask bit 
: Half-carry flag 

User bit 

Negative flag 

Zero flag 

Overflow flag 

Carry flag 


OsN2CrL 








Figure 2-3 CPU Registers 


2.4.2 General Registers 


The H8/300H CPU has eight 32-bit general registers. These general registers are all functionally 
alike and can be used without distinction between data registers and address registers. When a 
general register is used as a data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. 
When the general registers are used as 32-bit registers or as address registers, they are designated 
by the letters ER (ERO to ER7). 


The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R 
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit 
registers. The E registers (EO to E7) are also referred to as extended registers. 


The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and 
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-bit 
registers. 


Figure 2-4 illustrates the usage of the general registers. The usage of each register can be selected 
independently. 





« Address registers 







































































* 32-bit registers * 16-bit registers * 8-bit registers 
E registers 
(extended registers) 
EO to E7 
ER registers RH registers 
ERO to ER7 ROH to R7H 
R registers 
RO to R7 
RL registers 








ROL to R7L 

















Figure 2-4 Usage of General Registers 
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General register ER7 has the function of stack pointer (SP) in addition to its general-register 
function, and is used implicitly in exception handling and subroutine calls. Figure 2-5 shows the 
stack. 





fa ee A 


Free area 





SP (ER7)—> 4 





Stack area 














SE 








Figure 2-5 Stack 
2.4.3 Control Registers 


The control registers are the 24-bit program counter (PC) and the 8-bit condition code register 
(CCR). 


Program Counter (PC): This 24-bit counter indicates the address of the next instruction the CPU 
will execute. The length of all CPU instructions is 2 bytes (one word) or a multiple of 2 bytes, so 
the least significant PC bit is ignored. When an instruction is fetched, the least significant PC bit is 
regarded as 0. 


Condition Code Register (CCR): This 8-bit register contains internal CPU status information, 
including the interrupt mask bit (I) and half-carry (H), negative (N), zero (Z), overflow (V), and 
carry (C) flags. 


Bit 7—Interrupt Mask Bit (D: Masks interrupts other than NMI when set to 1. NMI is accepted 
regardless of the I bit setting. The I bit is set to 1 at the start of an exception-handling sequence. 


Bit 6—User Bit or Interrupt Mask Bit (UD: Can be written and read by software using the 
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask 
bit. For details see section 5, Interrupt Controller. 


21 


Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B 
instruction is executed, this flag is set to | if there is a carry or borrow at bit 3, and cleared to 0 
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is 
set to | if there is a carry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L, 
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if there is a carry or 
borrow at bit 27, and cleared to 0 otherwise. 


Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, 
and XORC instructions. 


Bit 3—Negative Flag (N): Indicates the most significant bit (sign bit) of data. 
Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to 0 to indicate non-zero data. 


Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to 0 at other 
times. 


Bit 0—Carry Flag (C): Set to 1 when a carry occurs, and cleared to 0 otherwise. Used by: 


e Add instructions, to indicate a carry 
e Subtract instructions, to indicate a borrow 
e Shift and rotate instructions, to store the value shifted out of the end bit 


The carry flag is also used as a bit accumulator by bit manipulation instructions. 


Some instructions leave flag bits unchanged. Operations can be performed on CCR by the LDC, 
STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used by conditional 
branch (Bcc) instructions. 


For the action of each instruction on the flag bits, see appendix A.1, Instruction List. For the I and 
UI bits, see section 5, Interrupt Controller. 


2.4.4 Initial CPU Register Values 


In reset exception handling, PC is initialized to a value loaded from the vector table, and the I bit 
in CCR is set to 1. The other CCR bits and the general registers are not initialized. In particular, 
the stack pointer (ER7) is not initialized. The stack pointer must therefore be initialized by an 
MOV.L instruction executed immediately after a reset. 
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2.5 Data Formats 


The H8/300H CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit 
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bit n (n = 0, 1, 
2, ..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as 
two digits of 4-bit BCD data. 


2.5.1 General Register Data Formats 


Figures 2-6 and 2-7 show the data formats in general registers. 






































General 
Data Type Register Data Format 
Meg se AO a 8s te he 
1-bit data RnH 7/6|5/4/3)2/1/0 Don’t care ' 
Reh te st Aon te et hg 7 
1-bit data Rn i Don’t care 7/6)5/4/3)/2/1/0 





























7 43 0 
4-bit BCD data RnH Don’t care 


7 43 0 



































4-bit BCD data Rnb | Don’t care Upper digit Lower digi 
is tO Scene taecetete 
Byte data RnH a = Don’t care 
MSB i: 
ee CRT ENE Sees 7 0 
Byte data RnL Don’t care _ 
ISB LSB 








Figure 2-6 General Register Data Formats (1) 
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General 
Data Type Register Data Format 


























Word data Rn i 
MSB LSB 
15 0 
Word data En | _ = 
MSB LSB 
31 1615 0 
Longword data ERn Inia ease ate te paca eR ueenes aceon tonsa 
MSB LSB 


Legend 

ERn: General register 
En: General register E 
Rn: General register R 
RnH: General register RH 
RnL: General register RL 
MSB: Most significant bit 
LSB: Least significant bit 








Figure 2-7 General Register Data Formats (2) 
2.5.2 Memory Data Formats 


Figure 2-8 shows the data formats on memory. The H8/300H CPU can access word data and 
longword data on memory, but word or longword data must begin at an even address. If an 
attempt is made to access word or longword data at an odd address, no address error occurs but 
the least significant bit of the address is regarded as 0, so the access starts at the preceding 
address. This also applies to instruction fetches. 
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Data Type Address Data Format 












































0 
1-bit data Address L 7);6/}5}4)3;/2)]11]0 
Byte data Address L MSB ‘LSB 
Word data Address 2M Ives st SCsidY 

Address 2M + 1 ne a isa 
Address 2N MSB 





Longword data Address 2N + 1 
Address 2N + 2 
Address 2N + 3 LSB 




















Figure 2-8 Memory Data Formats 


When ER7 (SP) is used as an address register to access the stack, the operand size should be word 
size or longword size. 
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2.6 Instruction Set 
2.6.1 Instruction Set Overview 
The H8/300H CPU has 62 types of instructions, which are classified in table 2-1. 


Table 2-1 Instruction Classification 


Function Instruction Types 
Data transfer MOV, PUSH*1, POP“!, MOVTPE*2, MOVFPE*2 3 





Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, DAS, = 18 
MULXU, MULXS, DIVXU, DIVXS, CMP, NEG, EXTS, EXTU 




















Logic operations AND, OR, XOR, NOT 

Shift operations SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 

Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, BXOR, = 14 
BIXOR, BLD, BILD, BST, BIST 

Branch Bcc*3, JMP, BSR, JSR, RTS 5 

System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 9 

Block data transfer EEPMOV 1 


Total 62 types 


Notes: 1. POP.W Rn is identical to MOV.W @SP+, Rn. 
PUSH.W Rn is identical to MOV.W Rn, @-SP. 
POP.L ERn is identical to MOV.L @SP+, Rn. 
PUSH.L ERn is identical to MOV.L Rn, @—SP. 
2. Not available in the H8/3042 Series. 
3. Bcc is a generic branching instruction. 
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2.6.2 Instructions and Addressing Modes 
Table 2-2 indicates the instructions available in the H8/300H CPU. 


Table 2-2 Instructions and Addressing Modes 


Addressing Modes 





@ @ @ @ 
(d:16, (d:24, @ERn+/ @ @ @ (d:8, (d:16, @@ 
Function Instruction #xx Rn @ERn ERn) ERn) @-ERn aa:8 aa:16 aa:24 PC) PC) aa: — 




























































































































































































Data MOV BWL BWL BWL BWL BWL BWL B BWL BWL 
transfer = pop, PUSH WL 
MOVFPE, B 
MOVTPE 
Arithmetic ADD, CMP BWL BWL 
operations sup WL BWL 
ADDX, SUBX B B 
ADDS, SUBS — L 
INC, DEC — BWL 
DAA, DAS — B 
MULXU, — BW 
MULXS, 
DIVXU, 
DIVXS 
NEG — BWL 
EXTU,EXTS — WL 








Logic AND, OR, BWL BWL 
operations XOR 


























































































































































































































NOT — BWL 
Shift instructions — BWL 
Bit manipulation = B B = _ _ B 
Branch Bcc, BSR ° ° _— — 
JMP, JSR —- — 0 ° _— _ ° _— 
RTS ° 
System TRAPA ° 
control RTE * 
SLEEP ° 
LDC B B WwW WwW Ww WwW _— Ww WwW 
STC — B WwW Ww Ww Ww _— WwW Ww 
ANDC, ORC, B 
XORC 
NOP ° 
Block data transfer BW 
Legend 
B: Byte 
W: Word 
L: Longword 
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2.6.3 Tables of Instructions Classified by Function 


Tables 2-3 to 2-10 summarize the instructions in each functional category. The operation notation 
used in these tables is defined next. 


Operation Notation 













































































Rd General register (destination)* 
Rs General register (source)* 
Rn General register* 
ERn General register (32-bit register or address register) 
(EAd) Destination operand 
(EAs) Source operand 
CCR Condition code register 

N (negative) flag of CCR 
Z Z (zero) flag of CCR 

V (overflow) flag of CCR 
Cc C (carry) flag of CCR 
PC Program counter 
SP Stack pointer 
#IMM Immediate data 
disp Displacement 
+ Addition 
= Subtraction 
x Multiplication 
+ Division 
A AND logical 
Vv OR logical 
® Exclusive OR logical 
=> Move 
a NOT (logical complement) 
13/:8/:16/:24 3-, 8-, 16-, or 24-bit length 


Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to 
R7, EO to E7), and 32-bit data or address registers (ERO to ER7). 
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Table 2-3 Data Transfer Instructions 


Instruction Size* 


Function 

















MOV B/W/L_ (EAs) > Rd, Rs > (EAd) 
Moves data between two general registers or between a general register 
and memory, or moves immediate data to a general register. 
MOVFPE B (EAs) — Rd 
Cannot be used in the H8/3042 Series. 
MOVTPE B Rs —> (EAs) 
Cannot be used in the H8/3042 Series. 
POP W/L @SP+ — Rn 
Pops a general register from the stack. POP.W Rn is identical to MOV.W 
@SP+, Rn. Similarly, POP.L ERn is identical to MOV.L @SP+, ERn. 
PUSH W/L Rn > @-SP 


Pushes a general register onto the stack. PUSH.W Ran is identical to MOV.W 
Rn, @-SP. Similarly, PUSH.L ERn is identical to MOV.L ERn, @—SP. 





Note: * Size refers to the operand size. 


B: Byte 
W: Word 
L: Longword 
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Table 2-4 Arithmetic Operation Instructions 


Instruction Size* 


Function 

















ADD, B/W/L Rd+Rs > Rd, Rd + #IMM > Rd 

sue Performs addition or subtraction on data in two general registers, or on 
immediate data and data in a general register. (Immediate byte data cannot 
be subtracted from data in a general register. Use the SUBX or ADD 
instruction.) 

ADDX, B Rd + Rs + C > Rd, Rd + #IMM + C > Rd 

SUB Performs addition or subtraction with carry or borrow on data in two general 
registers, or on immediate data and data in a general register. 

INC, B/W/L Rd+1-— Rd, Rd +2 — Rd 

BEC Increments or decrements a general register by 1 or 2. (Byte operands can 
be incremented or decremented by 1 only.) 

ADDS, L Rd +1 — Rd, Rd +2 > Rd, Rd +4 > Rd 

SHES Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register. 

DAA, B Rd decimal adjust > Rd 

DAS 


Decimal-adjusts an addition or subtraction result in a general register by 
referring to CCR to produce 4-bit BCD data. 





MULXU B/W 


Rd x Rs > Rd 


Performs unsigned multiplication on data in two general registers: either 
8 bits x 8 bits > 16 bits or 16 bits x 16 bits — 32 bits. 





MULXS B/W 


Rd x Rs > Rd 


Performs signed multiplication on data in two general registers: either 
8 bits x 8 bits > 16 bits or 16 bits x 16 bits — 32 bits. 





Note: * Size refers to the operand size. 


B: Byte 
W: Word 
L: Longword 
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Table 2-4 Arithmetic Operation Instructions (cont) 




















Instruction Size* Function 

DIVXU B/W Rd + Rs — Rd 
Performs unsigned division on data in two general registers: either 
16 bits + 8 bits > 8-bit quotient and 8-bit remainder or 32 bits + 16 bits > 
16-bit quotient and 16-bit remainder. 

DIVXS B/W Rd + Rs — Rd 
Performs signed division on data in two general registers: either 
16 bits + 8 bits > 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits > 
16-bit quotient and 16-bit remainder. 

CMP B/W/L Rd-—Rs, Rd- #IMM 
Compares data in a general register with data in another general register or 
with immediate data, and sets CCR according to the result. 

NEG B/W/L O-Rd—-Rd 
Takes the two’s complement (arithmetic complement) of data in a general 
register. 

EXTS W/L Rd (sign extension) — Rd 
Extends byte data in the lower 8 bits of a 16-bit register to word data, or 
extends word data in the lower 16 bits of a 32-bit register to longword data, 
by extending the sign bit. 

EXTU W/L Rd (zero extension) — Rd 


Extends byte data in the lower 8 bits of a 16-bit register to word data, or 
extends word data in the lower 16 bits of a 32-bit register to longword data, 
by padding with zeros. 


Note: * Size refers to the operand size. 


B: Byte 
W: Word 
L: Longword 
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Table 2-5 Logic Operation Instructions 


Instruction Size* Function 





AND B/W/L Rda~a Rs > Rad, Rd ~ #IMM > Rd 


Performs a logical AND operation on a general register and another general 
register or immediate data. 





OR B/W/L Rdv Rs — Rad, Rd v #IMM > Rd 


Performs a logical OR operation on a general register and another general 
register or immediate data. 





XOR B/W/L Rd @ Rs > Rd, Rd @ #IMM > Rd 


Performs a logical exclusive OR operation on a general register and another 
general register or immediate data. 





NOT B/W/L -=Rd— Rd 
Takes the one’s complement of general register contents. 


Note: * Size refers to the operand size. 


B: Byte 
W: Word 
L: Longword 


Table 2-6 Shift Instructions 


Instruction Size* Function 











SHAL, B/W/L_ Rad (shift) — Rd 

SHA Performs an arithmetic shift on general register contents. 
SHLL, B/W/L_ Rd (shift) > Rd 

SRB Performs a logical shift on general register contents. 
ROTL, B/W/L_ Rad (rotate) > Rd 

ROTR 


Rotates general register contents. 





ROTXL, B/W/L_ Rd (rotate) + Rd 


pela Rotates general register contents through the carry bit. 


Note: * Size refers to the operand size. 


B: Byte 
W: Word 
L: Longword 
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Table 2-7 Bit Manipulation Instructions 


Instruction Size* 


Function 

















BSET B 1 — (<bit-No.> of <EAd>) 
Sets a specified bit in a general register or memory operand to 1. The bit 
number is specified by 3-bit immediate data or the lower 3 bits of a general 
register. 

BCLR B 0 > (<bit-No.> of <EAd>) 
Clears a specified bit in a general register or memory operand to 0. The bit 
number is specified by 3-bit immediate data or the lower 3 bits of a general 
register. 

BNOT B 1 (<bit-No.> of <EAd>) > (<bit-No.> of <EAd>) 
Inverts a specified bit in a general register or memory operand. The bit 
number is specified by 3-bit immediate data or the lower 3 bits of a general 
register. 

BTST B 1 (<bit-No.> of <EAd>) > Z 
Tests a specified bit in a general register or memory operand and sets or 
clears the Z flag accordingly. The bit number is specified by 3-bit immediate 
data or the lower 3 bits of a general register. 

BAND B C A (<bit-No.> of <EAd>) > C 
ANDs the carry flag with a specified bit in a general register or memory 
operand and stores the result in the carry flag. 

BIAND B C A [A (<bit-No.> of <EAd>)] > C 


ANDs the carry flag with the inverse of a specified bit in a general register or 
memory operand and stores the result in the carry flag. 


The bit number is specified by 3-bit immediate data. 





Note: * Size refers to the operand size. 


B: Byte 
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Table 2-7 Bit Manipulation Instructions (cont) 


Instruction Size* 


Function 





BOR 


BIOR 


B 


C v (<bit-No.> of <EAd>) > C 


ORs the carry flag with a specified bit in a general register or memory 
operand and stores the result in the carry flag. 


C v [4 (<bit-No.> of <EAd>)] > C 


ORs the carry flag with the inverse of a specified bit in a general register or 
memory operand and stores the result in the carry flag. 


The bit number is specified by 3-bit immediate data. 





BXOR 


BIXOR 


C @ (<bit-No.> of <EAd>) > C 


Exclusive-ORs the carry flag with a specified bit in a general register or 
memory operand and stores the result in the carry flag. 


C @ [4 (<bit-No.> of <EAd>)] > C 


Exclusive-ORs the carry flag with the inverse of a specified bit in a general 
register or memory operand and stores the result in the carry flag. 


The bit number is specified by 3-bit immediate data. 





BLD 


BILD 


(<bit-No.> of <EAd>) > C 


Transfers a specified bit in a general register or memory operand to the 
carry flag. 


= (<bit-No.> of <EAd>) > C 


Transfers the inverse of a specified bit in a general register or memory 
operand to the carry flag. 


The bit number is specified by 3-bit immediate data. 





BST 


BIST 


C => (<bit-No.> of <EAd>) 


Transfers the carry flag value to a specified bit in a general register or 
memory operand. 


C > 7 (<bit-No.> of <EAd>) 


Transfers the inverse of the carry flag value to a specified bit in a general 
register or memory operand. 


The bit number is specified by 3-bit immediate data. 





Note: * Size refers to the operand size. 


B: Byte 
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Table 2-8 Branching Instructions 


Instruction Size 


Function 







































































Bec — Branches to a specified address if a specified condition is true. The 
branching conditions are listed below. 
Mnemonic Description Condition 
BRA (BT) Always (true) Always 
BRN (BF) Never (false) Never 
BHI High CvzZ=0 
BLS Low or same CvZ=1 
Bcc (BHS) Carry clear (high or same) C=0 
BCS (BLO) Carry set (low) C=1 
BNE Not equal Z=0 
BEQ Equal Z=1 
BVC Overflow clear V=0 
BVS Overflow set V=1 
BPL Plus N=0 
BMI Minus N=1 
BGE Greater or equal N@V=0 
BLT Less than N@V=1 
BGT Greater than ZV(N@V)=0 
BLE Less or equal ZvV(N@V)=1 
JMP — Branches unconditionally to a specified address 
BSR = Branches to a subroutine at a specified address 
JSR — Branches to a subroutine at a specified address 
RTS = Returns from a subroutine 
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Table 2-9 System Control Instructions 


Instruction Size* 


Function 





TRAPA = 


Starts trap-instruction exception handling 


























RTE _ Returns from an exception-handling routine 

SLEEP _— Causes a transition to the power-down state 

LDC B/W (EAs) > CCR 
Moves the source operand contents to the condition code register. The 
condition code register size is one byte, but in transfer from memory, data is 
read by word access. 

STC B/W CCR — (EAd) 
Transfers the CCR contents to a destination location. The condition code 
register size is one byte, but in transfer to memory, data is written by word 
access. 

ANDC B CCR ~ #IMM > CCR 
Logically ANDs the condition code register with immediate data. 

ORC B CCR v #IMM > CCR 
Logically ORs the condition code register with immediate data. 

XORC B CCR © #IMM > CCR 
Logically exclusive-ORs the condition code register with immediate data. 

NOP — PC +2—4PC 


Only increments the program counter. 





Note: * Size refers to the operand size. 


B: Byte 
W: Word 
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Table 2-10 Block Transfer Instruction 


Instruction Size 


Function 





EEPMOV.B — 


EEPMOV.W — 


if R4L +0 then 
repeat @ER5+ > @ER6+, R4L— 1 — R4L 
until R4L =0 


else next; 

if R4 #0 then 
repeat @ER5+ > @ER6+, R4-—1 — R4 
until R4=0 

else next; 


Transfers a data block according to parameters set in general registers R4L 
or R4, ERS, and ER6. 


R4L or R4: Size of block (bytes) 
ER5: Starting source address 
ER6: Starting destination address 


Execution of the next instruction begins as soon as the transfer is 
completed. 
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2.6.4 Basic Instruction Formats 


The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of an operation 
field (OP field), a register field (r field), an effective address extension (EA field), and a condition 
field (cc). 


Operation Field: Indicates the function of the instruction, the addressing mode, and the operation 
to be carried out on the operand. The operation field always includes the first 4 bits of the 
instruction. Some instructions have two operation fields. 


Register Field: Specifies a general register. Address registers are specified by 3 bits, data 
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register 
field. 


Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute 
address, or a displacement. A 24-bit address or displacement is treated as 32-bit data in which the 
first 8 bits are 0 (H'00). 


Condition Field: Specifies the branching condition of Bcc instructions. 


Figure 2-9 shows examples of instruction formats. 





Operation field only 





op NOP, RTS, etc. 





Operation field and register fields 





op rn rm ADD.B Rn, Rm, etc. 


Operation field, register fields, and effective address extension 











op rm rm 





MOV.B @(d:16, Rn), Rn 








EA (disp) 





Operation field, effective address extension, and condition field 





op cc EA (disp) BRA d:8 























Figure 2-9 Instruction Formats 
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2.6.5 Notes on Use of Bit Manipulation Instructions 


The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify a bit in the 
byte, then write the byte back. Care is required when these instructions are used to access registers 
with write-only bits, or to access ports. 


The BCLR instruction can be used to clear flags in the on-chip registers. In an interrupt-handling 
routine, for example, if it is known that the flag is set to 1, it is not necessary to read the flag 
ahead of time. 


2.7 Addressing Modes and Effective Address Calculation 
2.7.1 Addressing Modes 


The H8/300H CPU supports the eight addressing modes listed in table 2-11. Each instruction uses 
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct 
and immediate modes. Data transfer instructions can use all addressing modes except program- 
counter relative and memory indirect. Bit manipulation instructions use register direct, register 
indirect, or absolute (@aa:8) addressing mode to specify an operand, and register direct (BSET, 
BCLR, BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify a bit 
number in the operand. 


Table 2-11 Addressing Modes 


























No. Addressing Mode Symbol 
1 Register direct Rn 
2 Register indirect @ERn 
3 Register indirect with displacement @(d:16, ERn)/@(d:24, ERn) 
4 Register indirect with post-increment @ERn+ 
Register indirect with pre-decrement @-ERn 
5 Absolute address @aa:8/@aa:16/@aa:24 
6 Immediate #XX:8/#XX:1 6/#XX:32 
7 Program-counter relative @(d:8, PC)/@(d:16, PC) 
8 Memory indirect @@aa:8 


39 


1 Register Direct—Rn: The register field of the instruction code specifies an 8-, 16-, or 32-bit 
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers. 
RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit 
registers. 


2 Register Indirect—@ERn: The register field of the instruction code specifies an address 
register (ERn), the lower 24 bits of which contain the address of the operand. 


3 Register Indirect with Displacement—@(d:16, ERn) or @(d:24, ERn): A 16-bit or 24-bit 
displacement contained in the instruction code is added to the contents of an address register 
(ERn) specified by the register field of the instruction, and the lower 24 bits of the sum specify the 
address of a memory operand. A 16-bit displacement is sign-extended when added. 


4 Register Indirect with Post-Increment or Pre-Decrement—@ERn+ or @-ERn: 
¢ Register indirect with post-increment—@ERn+ 


The register field of the instruction code specifies an address register (ERn) the lower 24 bits 
of which contain the address of a memory operand. After the operand is accessed, 1, 2, or 4 is 
added to the address register contents (32 bits) and the sum is stored in the address register. 
The value added is | for byte access, 2 for word access, or 4 for longword access. For word or 
longword access, the register value should be even. 


¢ Register indirect with pre-decrement—@-—ERn 


The value 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field 
in the instruction code, and the lower 24 bits of the result become the address of a memory 
operand. The result is also stored in the address register. The value subtracted is 1 for byte 
access, 2 for word access, or 4 for longword access. For word or longword access, the 
resulting register value should be even. 


5 Absolute Address—@aa:8, @aa:16, or @aa:24: The instruction code contains the absolute 
address of a memory operand. The absolute address may be 8 bits long (@aa:8), 16 bits long 
(@aa:16), or 24 bits long (@aa:24). For an 8-bit absolute address, the upper 16 bits are all 
assumed to be | (H'FFFF). For a 16-bit absolute address the upper 8 bits are a sign extension. A 
24-bit absolute address can access the entire address space. Table 2-12 indicates the accessible 
address ranges. 
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Table 2-12 Absolute Address Access Ranges 











Absolute 
Address 1-Mbyte Modes 16-Mbyte Modes 
8 bits (@aa:8) H'FFFOO to H'FFFFF H'FFFFOO to H'FFFFFF 
(1048320 to 1048575) (16776960 to 16777215) 
16 bits (@aa:16) H'00000 to H'07FFF, H'000000 to H'007F FF, 
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF 
(0 to 32767, 1015808 to 1048575) (0 to 32767, 16744448 to 16777215) 
24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF 
(0 to 1048575) (0 to 16777215) 





6 Immediate—#xx:8, #xx:16, or #xx:32: The instruction code contains 8-bit (#xx:8), 16-bit 
(#xx:16), or 32-bit (#xx:32) immediate data as an operand. 


The instruction codes of the ADDS, SUBS, INC, and DEC instructions contain immediate data 
implicitly. The instruction codes of some bit manipulation instructions contain 3-bit immediate 
data specifying a bit number. The TRAPA instruction code contains 2-bit immediate data 
specifying a vector address. 


7 Program-Counter Relative—@(d:8, PC) or @(d:16, PC): This mode is used in the Bec and 
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction code is sign- 
extended to 24 bits and added to the 24-bit PC contents to generate a 24-bit branch address. The 
PC value to which the displacement is added is the address of the first byte of the next instruction, 
so the possible branching range is —126 to +128 bytes (-63 to +64 words) or —32766 to 

+32768 bytes (-16383 to +16384 words) from the branch instruction. The resulting value should 
be an even number. 


8 Memory Indirect—@@aa:8: This mode can be used by the JMP and JSR instructions. The 
instruction code contains an 8-bit absolute address specifying a memory operand. This memory 
operand contains a branch address. The memory operand is accessed by longword access. The 
first byte of the memory operand is ignored, generating a 24-bit branch address. See figure 2-10. 
The upper bits of the 8-bit absolute address are assumed to be 0 (H'0000), so the address range is 
0 to 255 (H'000000 to H'OO00FF). Note that the first part of this range is also the exception vector 
area. For further details see section 5, Interrupt Controller. 
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Re dh 





Specified by @aa:8 —> Reserved 

















Figure 2-10 Memory-Indirect Branch Address Specification 


When a word-size or longword-size memory operand is specified, or when a branch address is 
specified, if the specified memory address is odd, the least significant bit is regarded as 0. The 
accessed data or instruction code therefore begins at the preceding address. See section 2.5.2, 


Memory Data Formats. 


2.7.2 Effective Address Calculation 


Table 2-13 explains how an effective address is calculated in each addressing mode. In the 
1-Mbyte operating modes the upper 4 bits of the calculated address are ignored in order to 


generate a 20-bit effective address. 
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Table 2-13 Effective Address Calculation 


Addressing Mode and 


























































































































































































































No. Instruction Format Effective Address Calculation Effective Address 
1 Register direct (Rn) Operand is general 
register contents 
op |rm|rn 
2 Register indirect (@ERn) 31 0 23 
>| General register contents bo] 
3 Register indirect with displacement 
@(d:16, ERn)/@(d:24, ERn) 31 0 
> General register contents 23 
dy. 
A 
op |r disp Sign extension disp 
f 
4 Register indirect with post-increment 
or pre-decrement 
Register indirect with post-increment 31 0 23 
@ERn+ >| General register contents - 
eee db 
A 
op r 1,2,or4 
Register indirect with pre-decrement 31 0 
@-ERn ~| General register contents 23 
Noh beee Boe ee ea 
1 
op r 1,2,or4 























1 for a byte operand, 2 for a word 
operand, 4 for a longword operand 


Table 2-13 Effective Address Calculation (cont) 


Addressing Mode and 


No. Instruction Format 


Effective Address Calculation 


Effective Address 


































































































5 Absolute address 23 8 7 0 
@aa‘8 H'FFFF 
op abs } 
23 1615 0 
@aa:16 Sign 
extension 
op abs t 
23 0 
@aa:24 
op 
abs 
6 Immediate Operand is immediate data 


#xx:8, #xx:16, or #xx:32 





op 








IMM 











if: Program-counter relative 
@(d:8, PC) or @(d:16, PC) 





op 


disp 




















23 


























23 
PC contents 
Si : 
aifeneion - 











Table 2-13 Effective Address Calculation (cont) 


Addressing Mode and 
No. Instruction Format Effective Address Calculation Effective Address 





8 Memory indirect @@aa:8 


Normal mode 









































op abs 
23 87 0 
H'0000 abs 
15 0 23 1615 
\______—\+| Memory contents ———-»_ H'00 




















Advanced mode 








23 87 | 0 
H'0000 abs 

















31 0 23 

















| Memory contents [-———] 

















Legend 

r, rm, rn: Register field 

op: Operation field 
disp: Displacement 
IMM: Immediate data 
abs: Absolute address 





2.8 Processing States 


2.8.1 Overview 


The H8/300H CPU has five processing states: the program execution state, exception-handling 
state, power-down state, reset state, and bus-released state. The power-down state includes sleep 


mode, software standby mode, and hardware standby mode. Figure 2-11 classifies the processing 
states. Figure 2-13 indicates the state transitions. 








Processing states Program execution state 


The CPU executes program instructions in sequence 

















Exception-handling state 





A transient state in which the CPU executes a hardware sequence 
(saving PC and CCR, fetching a vector, etc.) in response to a reset, 
interrupt, or other exception 








Bus-released state 











The external bus has been released in response to a bus request 
signal from a bus master other than the CPU 














Reset state 





The CPU and all on-chip supporting modules are initialized and halted 




















Power-down state Sleep mode 





The CPU is halted to conserve power 





Software standby mode 




















Hardware standby mode 








Figure 2-11 Processing States 
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2.8.2 Program Execution State 
In this state the CPU executes program instructions in normal sequence. 
2.8.3, Exception-Handling State 


The exception-handling state is a transient state that occurs when the CPU alters the normal 
program flow due to a reset, interrupt, or trap instruction. The CPU fetches a starting address from 
the exception vector table and branches to that address. In interrupt and trap exception handling 
the CPU references the stack pointer (ER7) and saves the program counter and condition code 
register. 


Types of Exception Handling and Their Priority: Exception handling is performed for resets, 
interrupts, and trap instructions. Table 2-14 indicates the types of exception handling and their 
priority. Trap instruction exceptions are accepted at all times in the program execution state. 


Table 2-14 Exception Handling Types and Priority 











Priority Type of Exception Detection Timing Start of Exception Handling 
High Reset Synchronized with clock Exception handling starts immediately 
when RES changes from low to high 
Interrupt End of instruction When an interrupt is requested, 
execution or end of exception handling starts at the end of 
exception handling* the current instruction or current 
exception-handling sequence 
Trap instruction When TRAPA instruction Exception handling starts when a trap 
Low is executed (TRAPA) instruction is executed 





Note: * Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions, or 
immediately after reset exception handling. 


Figure 2-12 classifies the exception sources. For further details about exception sources, vector 
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interrupt 
Controller. 
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cr 


Reset 
( External interrupts 























































Exception , 
sources Interrupt 
_ Internal interrupts (from on-chip supporting modules) 
Trap instruction 
Figure 2-12 Classification of Exception Sources 
End of bus release 
Bus request 
End of bus Program execution sate) ee 
release ; ‘ 
Bus wan goby <0 
TEQUeSE Zs aN eee Se eal oe aoe o sites 
Exception 
C Bus-released state > Sleep mode 2) 
End of inter SLEEP instruction 
exception with SSBY = 1 
renee NMI, IRQg, IRQ ;, 








or IRQz interrupt 





> Software standby mode) 


‘e 


(exception handing state 








RES =1 
STBY= 1, RES =0 
C Reset state”’ >: 


Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs 
whenever RES goes low. 
2. From any state, a transition to hardware standby mode occurs when STBY goes low. 











(Hardware standby mode") 








Power-down state 





Figure 2-13 State Transitions 
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2.8.4 Exception-Handling Sequences 


Reset Exception Handling: Reset exception handling has the highest priority. The reset state is 
entered when the RES signal goes low. Reset exception handling starts after that, when RES 
changes from low to high. When reset exception handling starts the CPU fetches a start address 
from the exception vector table and starts program execution from that address. All interrupts, 
including NMI, are disabled during the reset exception-handling sequence and immediately after it 
ends. 


Interrupt Exception Handling and Trap Instruction Exception Handling: When these 
exception-handling sequences begin, the CPU references the stack pointer (ER7) and pushes the 
program counter and condition code register on the stack. Next, if the UE bit in the system control 
register (SYSCR) is set to 1, the CPU sets the I bit in the condition code register to 1. If the UE bit 
is cleared to 0, the CPU sets both the I bit and the UI bit in the condition code register to 1. Then 
the CPU fetches a start address from the exception vector table and execution branches to that 
address. 


Figure 2-14 shows the stack after the exception-handling sequence. 





a 


























SP-4 SP (ER7) > CCR 
SP-3 SP+1 
SP-2 SP+2 PC 
SP-1 SP+3 
SP (ER7) —> Stack area SP+4 Even 


address 











———Srt 


Before exception > After exception 
handling starts Pushed on stack handling ends 





Legend 
CCR: Condition code register 
SP: — Stack pointer 


Notes: 1. PC is the address of the first instruction executed after the return from the 
exception-handling routine. 
2. Registers must be saved and restored by word access or longword access, 
starting at an even address. 








Figure 2-14 Stack Structure after Exception Handling 
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2.8.5 Bus-Released State 


In this state the bus is released to a bus master other than the CPU, in response to a bus request. 
The bus masters other than the CPU are the DMA controller, the refresh controller, and an 
external bus master. While the bus is released, the CPU halts except for internal operations. 
Interrupt requests are not accepted. For details see section 6.3.7, Bus Arbiter Operation 


2.8.6 Reset State 


When the RES input goes low all current processing stops and the CPU enters the reset state. The 
I bit in the condition code register is set to | by a reset. All interrupts are masked in the reset state. 
Reset exception handling starts when the RES signal changes from low to high. 


The reset state can also be entered by a watchdog timer overflow. For details see section 12, 
Watchdog Timer. 


2.8.7 Power-Down State 


In the power-down state the CPU stops operating to conserve power. There are three modes: sleep 
mode, software standby mode, and hardware standby mode. 


Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the 
SSBY bit is cleared to 0 in the system control register (SYSCR). CPU operations stop 
immediately after execution of the SLEEP instruction, but the contents of CPU registers are 
retained. 


Software Standby Mode: A transition to software standby mode is made if the SLEEP 
instruction is executed while the SSBY bit is set to 1 in SYSCR. The CPU and clock halt and all 
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but as long 
as a specified voltage is supplied the contents of CPU registers and on-chip RAM are retained. 
The I/O ports also remain in their existing states. 


Hardware Standby Mode: A transition to hardware standby mode is made when the STBY input 
goes low. As in software standby mode, the CPU and all clocks halt and the on-chip supporting 
modules are reset, but as long as a specified voltage is supplied, on-chip RAM contents are 
retained. 


For further information see section 19, Power-Down State. 
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2.9 Basic Operational Timing 
2.9.1 Overview 


The H8/300H CPU operates according to the system clock (g). The interval from one rise of the 
system clock to the next rise is referred to as a “state.” A memory cycle or bus cycle consists of 
two or three states. The CPU uses different methods to access on-chip memory, the on-chip 
supporting modules, and the external address space. Access to the external address space can be 
controlled by the bus controller. 


2.9.2 On-Chip Memory Access Timing 


On-chip memory is accessed in two states. The data bus is 16 bits wide, permitting both byte and 
word access. Figure 2-15 shows the on-chip memory access cycle. Figure 2-16 indicates the pin 
states. 








Bus cycle 
a! > 


<«— T; state —»<— Tp state —» 


ee oe a 














Internal address bus X Address i 


Internal read signal \ | / 
Internal data bus ! ! 
(read access) _}— J Read data 


Internal write signal | ae a 

















Internal data bus . 
(write access) i} y Write data — 











Figure 2-15 On-Chip Memory Access Cycle 
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Figure 2-16 Pin States during On-Chip Memory Access 
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2.9.3 On-Chip Supporting Module Access Timing 


The on-chip supporting modules are accessed in three states. The data bus is 8 or 16 bits wide, 
depending on the register being accessed. Figure 2-17 shows the on-chip supporting module 
access timing. Figure 2-18 indicates the pin states. 








Bus cycle 


~ > 





<—— T, state et To state oe T3 state —> 


























Address bus \ Address K 
r : | ! . 
Internal read signal \ / 
Read : 
access 
L Internal data bus _} 4 Reaaidarn 
Internal write signal | \ / 
Write t 
access 
\_ Internal data bus 





Write data 





Figure 2-17 Access Cycle for On-Chip Supporting Modules 
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Address bus K Address X 





High impedance 








Figure 2-18 Pin States during Access to On-Chip Supporting Modules 
2.9.4 Access to External Address Space 


The external address space is divided into eight areas (areas 0 to 7). Bus-controller settings 
determine whether each area is accessed via an 8-bit or 16-bit bus, and whether it is accessed in 
two or three states. For details see section 6, Bus Controller. 
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Section 3 MCU Operating Modes 


3.1 Overview 
3.1.1 Operating Mode Selection 


The H8/3042 Series has seven operating modes (modes 1| to 7) that are selected by the mode pins 
(MD, to MD ) as indicated in table 3-1. The input at these pins determines the size of the address 
space and the initial bus mode. 


Table 3-1 Operating Mode Selection 


























Description 
Operating _ Mode Pins Initial Bus On-Chip _ On-Chip 
Mode MD, MD, MD, Address Space Mode*! ROM RAM 
— 0 0 0 — — _— — 
Mode 1 0 0 1 Expanded mode 8 bits Disabled Enabled*2 
Mode 2 0 1 0 Expanded mode 16 bits Disabled Enabled*2 
Mode 3 0 1 1 Expanded mode 8 bits Disabled Enabled*2 
Mode 4 1 0 0 Expanded mode 16 bit Disabled Enabled*2 
Mode 5 1 0 1 Expanded mode 8 bits Enabled Enabled*2 
Mode 6 1 1 0 Single-chip normal = Enabled Enabled 
mode 
Mode 7 1 1 1 Single-chip advanced — Enabled Enabled 
mode 





Notes: 1. In modes 1 to 5, an 8-bit or 16-bit data bus can be selected on a per-area basis by 
settings made in the area bus width control register (ABWCR). For details see 
section 6, Bus Controller. 
2. If the RAME bit in SYSCR is cleared to 0, these addresses become external addresses. 


For the address space size there are three choices: 64 kbytes, 1 Mbyte, or 16 Mbytes. The external 
data bus is either 8 or 16 bits wide depending on ABWCR settings. If 8-bit access is selected for 
all areas, the external data bus is 8 bits wide. For details see section 6, Bus Controller. 


Modes | to 4 are externally expanded modes that enable access to external memory and peripheral 
devices and disable access to the on-chip ROM. Modes | and 2 support a maximum address space 
of 1 Mbyte. Modes 3 and 4 support a maximum address space of 16 Mbytes. 
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Mode 5 is an externally expanded mode that enables access to external memory and peripheral 
devices and also enables access to the on-chip ROM. Mode 5 supports a maximum address space 
of 1 Mbyte. 


Modes 6 and 7 are single-chip modes that operate using the on-chip ROM, RAM, and registers, 
and make all I/O ports available. In mode 6 the CPU operates in normal mode, supporting a 
64-kbyte address space. In mode 7 the CPU operates in advanced mode, supporting a 1-Mbyte 
address space. 


The H8/3042 Series can be used only in modes | to 7. The inputs at the mode pins must select one 
of these seven modes. The inputs at the mode pins must not be changed during operation. 


3.1.2 Register Configuration 


The H8/3042 Series has a mode control register (MDCR) that indicates the inputs at the mode 
pins (MD, to MD), and a system control register (SYSCR). Table 3-2 summarizes these registers. 


Table 3-2 Registers 





Address* Name Abbreviation R/W Initial Value 
H'FFF1 Mode control register MDCR R Undetermined 
H'FFF2 System control register SYSCR R/W H'0B 





Note: * The lower 16 bits of the address are indicated. 
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3.2 Mode Control Register (MDCR) 


MDCR is an 8-bit read-only register that indicates the current operating mode of the 
H8/3042 Series. 






































Bit 7 6 5 4 3 2 1 0 
— — — — — MDS2 MDS1 MDSO 
Initial value 1 1 0 0 0 —_—* _* —_* 
Read/Write — —_— — — — R R R 
| | 
Reserved bits Reserved bits Mode select 2 to 0 


Bits indicating the current 
operating mode 


Note: * Determined by pins MD» to MDo. 


Bits 7 and 6—Reserved: Read-only bits, always read as 1. 
Bits 5 to 3—Reserved: Read-only bits, always read as 0. 


Bits 2 to 0O—Mode Select 2 to 0 (MDS2 to MDS0): These bits indicate the logic levels at pins 
MD, to MD, (the current operating mode). MDS2 to MDSO correspond to MD, to MDg. MDS2 
to MDSO are read-only bits. The mode pin (MD, to MD) levels are latched when MDCR is read. 
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3.3 System Control Register (SYSCR) 


SYSCR is an 8-bit register that controls the operation of the H8/3042 Series. 






































sit 7 6 5 4 3 2 1 0 
SSBY STS2 STS1 STSO UE NMIEG — RAME 
jitial value 0 0 0 0 1 0 1 1 
tead/Write R/W R/W R/W R/W R/W R/W —_— R/W 
| 
RAM enable 
Enables or 
disables 
on-chip RAM 





Software standby 


Standby timer select 2 to 0 











Reserved bit 


NMI edge select 
Selects the valid edge 


of the NMI 


User bit enable 
Selects whether to use the UI bit in CCR 
as a user bit or an interrupt mask bit 


These bits select the waiting time at 
recovery from software standby mode 


Enables transition to software standby mode 


input 


Bit 7—Software Standby (SSBY): Enables transition to software standby mode. (For further 
information about software standby mode see section 19, Power-Down State.) 


When software standby mode is exited by an external interrupt, this bit remains set to 1. To clear 


this bit, write 0. 





Bit 7 

SSBY __ Description 

0 SLEEP instruction causes transition to sleep mode (Initial value) 
1 SLEEP instruction causes transition to software standby mode 
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Bits 6 to 4—Standby Timer Select (STS2 to STSO): These bits select the length of time the CPU 
and on-chip supporting modules wait for the internal clock oscillator to settle when software 
standby mode is exited by an external interrupt. Set these bits so that the waiting time will be at 
least 8 ms at the system clock rate. For further information about waiting time selection, see 
section 19.4.3, Selection of Oscillator Waiting Time after Exit from Software Standby Mode. 


Bit 6 Bit 5 Bit 4 
STS2 STS1 STSO Description 




















0 0 0 Waiting time = 8192 states (Initial value) 
0 0 1 Waiting time = 16384 states 

0 1 0 Waiting time = 32768 states 

0 1 1 Waiting time = 65536 states 

1 0 —_ Waiting time = 131072 states 

1 1 — Illegal setting 





Bit 3—User Bit Enable (UE): Selects whether to use the UI bit in the condition code register as a 
user bit or an interrupt mask bit. 





Bit 3 

UE Description 

0 UI bit in CCR is used as an interrupt mask bit 

1 UI bit in CCR is used as a user bit (Initial value) 





Bit 2—NMI Edge Select (NMIEG): Selects the valid edge of the NMI input. 





Bit 2 

NMIEG Description 

0 An interrupt is requested at the falling edge of NMI (Initial value) 
1 An interrupt is requested at the rising edge of NMI 





Bit 1—Reserved: Read-only bit, always read as 1. 


Bit O—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is 
initialized by the rising edge of the RES signal. It is not initialized in software standby mode. 





Bit 0 
RAME Description 
0 On-chip RAM is disabled 





1 On-chip RAM is enabled (Initial value) 
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3.4 Operating Mode Descriptions 
3.4.1 Mode 1 


Ports 1, 2, and 5 function as address pins Ajo to Ap, permitting access to a maximum 1-Mbyte 
address space. The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. If at least 
one area is designated for 16-bit access in ABWCR, the bus mode switches to 16 bits. 


3.4.2 Mode 2 


Ports 1, 2, and 5 function as address pins Ajo to Ap, permitting access to a maximum 1-Mbyte 
address space. The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. If all 
areas are designated for 8-bit access in ABWCR, the bus mode switches to 8 bits. 


3.4.3, Mode 3 


Ports 1, 2, and 5 and part of port A function as address pins Aj3 to Ag, permitting access to a 
maximum 16-Mbyte address space. The initial bus mode after a reset is 8 bits, with 8-bit access to 
all areas. If at least one area is designated for 16-bit access in ABWCR, the bus mode switches to 
16 bits. Ay3 to A>, are valid when 0 is written in bits 7 to 5 of the bus release control register 
(BRCR). 


3.4.4 Mode 4 


Ports 1, 2, and 5 and part of port A function as address pins Aj3 to Ag, permitting access to a 
maximum 16-Mbyte address space. The initial bus mode after a reset is 16 bits, with 16-bit access 
to all areas. If all areas are designated for 8-bit access in ABWCR, the bus mode switches to 

8 bits. Ay3 to A>, are valid when 0 is written in bits 7 to 5 of BRCR. 


3.4.5 Mode 5 


Ports 1, 2, and 5 can function as address pins Aj9 to Ap, permitting access to a maximum 1-Mbyte 
address space, but following a reset they are input ports. To use ports 1, 2, and 5 as an address bus, 
the corresponding bits in their data direction registers (P1DDR, P2DDR, and PSDDR) must be set 
to 1. The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. If at least one area is 

designated for 16-bit access in ABWCR, the bus mode switches to 16 bits. 


3.4.6 Modes 6 and 7 


These modes operate using the on-chip ROM, RAM, and registers. All I/O ports are available. 
Mode 6 is a normal mode with a 64-kbyte address space. Mode 7 is an advanced mode with a 
1-Mbyte address space. 
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3.5 Pin Functions in Each Operating Mode 


The pin functions of ports 1 to 5 and port A vary depending on the operating mode. Table 3-3 
indicates their functions in each operating mode. 


Table 3-3 Pin Functions in Each Mode 

















Port Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6/7 

Port 1 A7 to Ao Az to Ao A7 to Ap Az to Ao P1z7toP19*2 Pi7to Pl 
Port 2 Ai5 to Ag Ai5 to Ag Ai5 to Ag Ai5 to Ag P27 to P29*2 P27 to P2y 
Port 3 D15 to Dg D15 to Dg D15 to Dg D15 to Dg D15 to Dg P37 to P39 
Port 4 P47 to P49"! Dz to Dg"! P47 to P49"! DztoDp*! P47 to P4)*1 P47 to P4y 
Port 5 Aigto Aig ArygtoAig AygtoAig  AygtoAyg  P53toP5)"2 P53 to P59 
Port A PA7 to PAg = PA7to PAg = Ag3 t0 Azg"8 = Ang to Agog" ~=PAz to PAy PA7z to PAg 


Notes: 1. Initial state. The bus mode can be switched by settings in ABWCR. These pins function 
as P47 to P4p in 8-bit bus mode, and as D7 to Do in 16-bit bus mode. 
2. Initial state. These pins become address output pins when the corresponding bits in the 
data direction registers (P1DDR, P2DDR, P5DDR) are set to 1. 
3. Ago is always an address output pin. Ao3 to Ap; become valid when 0 is written in bits 7 
to 5 of BRCR; initially, they function as PAg to PA,. 


3.6 Memory Map in Each Operating Mode 


Figure 3-1 shows a memory map of the H8/3042. Figure 3-2 shows a memory map of the 
H8/3041. Figure 3-3 shows a memory map of the H8/3040. The address space is divided into 
eight areas. 


The initial bus mode differs between modes 1 and 2, and also between modes 3 and 4. 


The address locations of the on-chip RAM and on-chip registers differ between the 1-Mbyte 
modes (modes 1, 2, 5, and 7), 16-Mbyte modes (modes 3 and 4), and 64-kbyte mode (mode 6). 
The address range specifiable by the CPU in the 8- and 16-bit absolute addressing modes (@aa:8 
and @aa:16) also differs. 
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Modes 1 and 2 


(1-Mbyte modes with 
on-chip ROM disabled) 


Modes 3 and 4 


(16-Mbyte modes with 
on-chip ROM disabled) 





H'00000 


H'000FF 


H'O7FFF 


H'1 FFFF 
H'20000 
H'3FFFF 
H'40000 
H'SFFFF 
H'60000 
H'7FFFF 
H'80000 
H'9FFFF 
H'A0000 
H'BEFFF 
H'C0000 
H'DFFFF 
H'E0000 


H'F8000 
H'FF70F 
H'FF710 


H'FFFOO 
H'FFFOF 
H'FFF10 


H'FFF1B 
H'FFF1C 


H'FFFFF 








Vector area 








External 
address 
space 





On-chip 
registers 











8-bit absolute addresses 


Memory-indirect 
branch addresses 


16-bit absolute 
addresses 





H'000000 
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Note: * External addresses can be accessed by disabling on-chip RAM. 





Figure 3-1 H8/3042 Memory Map in Each Operating Mode (1) 
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Figure 3-1 H8/3042 Memory Map in Each Operating Mode (2) 
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Note: * External addresses can be accessed by disabling on-chip RAM. 





Figure 3-2 H8/3041 Memory Map in Each Operating Mode (1) 
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Notes: 1. Do not access the reserved area. 
2. External addresses can be accessed by disabling on-chip RAM. 








Figure 3-2 H8/3041 Memory Map in Each Operating Mode (2) 
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Note: * External addresses can be accessed by disabling on-chip RAM. 





Figure 3-3 H8/3040 Memory Map in Each Operating Mode (1) 
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Notes: 1. Do not access the reserved area. 
2. External addresses can be accessed by disabling on-chip RAM. 





Figure 3-3 H8/3040 Memory Map in Each Operating Mode (2) 
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Section 4 Exception Handling 


4.1 Overview 
4.1.1 Exception Handling Types and Priority 


As table 4-1 indicates, exception handling may be caused by a reset, trap instruction, or interrupt. 
Exception handling is prioritized as shown in table 4-1. If two or more exceptions occur 
simultaneously, they are accepted and processed in priority order. Trap instruction exceptions are 
accepted at all times in the program execution state. 


Table 4-1 Exception Types and Priority 





Priority Exception Type Start of Exception Handling 
High Reset Starts immediately after a low-to-high transition at the RES pin 
Interrupt Interrupt requests are handled when execution of the current 
instruction or handling of the current exception is completed 





Low Trap instruction (TRAPA) Started by execution of a trap instruction (TRAPA) 





4.1.2 Exception Handling Operation 

Exceptions originate from various sources. Trap instructions and interrupts are handled as follows. 
1. The program counter (PC) and condition code register (CCR) are pushed onto the stack. 

2. The CCR interrupt mask bit is set to 1. 


3. A vector address corresponding to the exception source is generated, and program execution 
starts from that address. 


For a reset exception, steps 2 and 3 above are carried out. 
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4.1.3 Exception Vector Table 


The exception sources are classified as shown in figure 4-1. Different vectors are assigned to 
different exception sources. Table 4-2 lists the exception sources and their vector addresses. 





r * Reset 
External interrupts: NMI, IRQ, to IRQ, 


Exception 
sources , 8 Interrupts 


Internal interrupts: 30 interrupts from on-chip 
supporting modules 


u 


¢ Trap instruction 








Figure 4-1 Exception Sources 
Table 4-2 Exception Vector Table 


Vector Address*1 


Exception Source 


Vector Number 





Advanced Mode 


Normal Mode 

































































Reset 0 H'0000 to H'0003_ ~— H'0000 to H'0001 
Reserved for system use 1 H'0004 to H'0007 H'0002 to H'0003 
2 H'0008 to H'000B_~—H'0004 to H'0005 
3 H'000C to H'000F ~—_H'0006 to H'0007 
4 H'0010 to H'0013 ~—- H'0008 to H'0009 
5 H'0014 to H'0017 ~— H'000A to H'000B 
6 H'0018 to H'001B_ ~—_H'000C to H'000D 
External interrupt (NMI) 7 H'001C to H'001F —H'OOOE to H'000F 
Trap instruction (4 sources) 8 H'0020 to H'0023 H'0010 to H'0011 
9 H'0024 to H'0027. ~—— H'0012 to H'0013 
10 H'0028 to H'002B_~—SCH'0014 to H'0015 
11 H'002C to H'002F ~—H'0016 to H'0017 
External interrupt IRQo 12 H'0030 to H'0033 ~—H'0018 to H'0019 
External interrupt IRQ, 13 H'0034 to H'0037 ~=— H'001A to H'001B 
External interrupt IRQs 14 H'0038 to H'003B_ ~—-H'001C to H'001D 
External interrupt IRQ 15 H'003C to H'003F H'001E to H'001F 
External interrupt IRQ, 16 H'0040 to H'0043_ ~— H'0020 to H'0021 
External interrupt IRQs 17 H'0044 to H'0047 ~=— H'0022 to H'0023 
Reserved for system use 18 H'0048 to H'1004B_)~—H'0024 to H'0025 
19 H'004C to H'004F —_H'0026 to H'0027 
Internal interrupts*2 20 H'0050 to H'0053 ~— H'0028 to H'0029 
to to to 
60 H'OOFO to H'00F3 ~— H'0078 to H'0079 





Notes: 1. Lower 16 bits of the address. 
2. For the internal interrupt vectors, see section 5.3.3, Interrupt Vector Table. 
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4.2 Reset 
4.2.1 Overview 


A reset is the highest-priority exception. When the RES pin goes low, all processing halts and the 
chip enters the reset state. A reset initializes the internal state of the CPU and the registers of the 
on-chip supporting modules. Reset exception handling begins when the RES pin changes from 
low to high. 


The chip can also be reset by overflow of the watchdog timer. For details see section 12, 
Watchdog Timer. 


4.2.2 Reset Sequence 
The chip enters the reset state when the RES pin goes low. 


To ensure that the chip is reset, hold the RES pin low for at least 20 ms at power-up. To reset the 
chip during operation, hold the RES pin low for at least 10 system clock (g) cycles. See appendix 
D.2, Pin States at Reset, for the states of the pins in the reset state. 


When the RES pin goes high after being held low for the necessary time, the chip starts reset 
exception handling as follows. 


¢ The internal state of the CPU and the registers of the on-chip supporting modules are 
initialized, and the I bit is set to 1 in CCR. 


¢ The contents of the reset vector address (H'0000 to H'0003 in advanced mode, H'0000 to 
H'0001 in normal mode) are read, and program execution starts from the address indicated in 
the vector address. 


Figure 4-2 shows the reset sequence in modes | and 3. Figure 4-3 shows the reset sequence in 
modes 2 and 4. Figure 4-4 shows the reset sequence in mode 6. 
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(1), (3), (5), (7) Address of reset vector: (1) = H'00000, (3) = H'00001, (5) = H'00002, (7) = H'00003 

(2), (4), (6), (8) Start address (contents of reset vector) 

(9) Start address 

(10) First instruction of program 


Note: After a reset, the wait-state controller inserts three wait states in every bus cycle. 
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(1), (8) Address of reset vector: (1) = H'00000, (3) = H'00002 
(2), (4) Start address (contents of reset vector) 

(5) Start address 

(6) First instruction of program 


Note: After a reset, the wait-state controller inserts three wait states in every bus cycle. 





Figure 4-3 Reset Sequence (Modes 2 and 4) 
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(3) First instruction of program 








Figure 4-4 Reset Sequence (Mode 6) 


4.2.3 Interrupts after Reset 


If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized, PC and CCR 
will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests, 
including NMI, are disabled immediately after a reset. The first instruction of the program is 
always executed immediately after the reset state ends. This instruction should initialize the stack 
pointer (example: MOV.L #xx:32, SP). 
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4.3 Interrupts 


Interrupt exception handling can be requested by nine external sources (NMI, IRQp to IRQ;) and 
30 internal sources in the on-chip supporting modules. Figure 4-5 classifies the interrupt sources 
and indicates the number of interrupts of each type. 


The on-chip supporting modules that can request interrupts are the watchdog timer (WDT), 
refresh controller, 16-bit integrated timer-pulse unit ITU), DMA controller (DMAC), serial 
communication interface (SCI), and A/D converter. Each interrupt source has a separate vector 
address. 


NMI is the highest-priority interrupt and is always accepted. Interrupts are controlled by the 
interrupt controller. The interrupt controller can assign interrupts other than NMI to two priority 
levels, and arbitrate between simultaneous interrupts. Interrupt priorities are assigned in interrupt 
priority registers A and B (IPRA and IPRB) in the interrupt controller. 


For details on interrupts see section 5, Interrupt Controller. 





NMI (1) 


External interrupts IRQ, to IRQs (6) 


Interrupts WoT"! (1) 
Refresh controller *2 (1) 
| ITU (15) 
Internal interrupts DMAC (4) 
SCI (8) 
A/D converter (1) 





Notes: Numbers in parentheses are the number of interrupt sources. 
1. When the watchdog timer is used as an interval timer, it generates an interrupt 
request at every counter overflow. 
2. When the refresh controller is used as an interval timer, it generates an interrupt 
request at compare match. 











Figure 4-5 Interrupt Sources and Number of Interrupts 
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4.4 Trap Instruction 


Trap instruction exception handling starts when a TRAPA instruction is executed. If the UE bit is 
set to | in the system control register (SYSCR), the exception handling sequence sets the I bit to 1 
in CCR. If the UE bit is 0, the I and UI bits are both set to 1. The TRAPA instruction fetches a 
start address from a vector table entry corresponding to a vector number from 0 to 3, which is 
specified in the instruction code. 
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4.5 Stack Status after Exception Handling 


Figure 4-6 shows the stack after completion of trap instruction exception handling and interrupt 
exception handling. 
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SP-4 SP (ER7) > CCR 
SP-3 SP+1 PCE 
SP-2 SP+2 PCH 
SP-1 SP+3 PCL 
SP (ER7) > Stack area SP+4 Even address 














Se 


Before exception handling —-————————- After exception handling 
Pushed on stack 


b. Advanced mode 


Legend 

PCE: Bits 23 to 16 of program counter (PC) 
PCH: Bits 15 to 8 of program counter (PC) 
PCL: Bits 7 to 0 of program counter (PC) 
CCR: Condition code register 

SP: Stack pointer 


Notes: * Ignored at return. 
1. PC indicates the address of the first instruction that will be executed after return. 
2. Registers must be saved in word or longword size at even addresses. 








Figure 4-6 Stack after Completion of Exception Handling 
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4.6 Notes on Stack Usage 


When accessing word data or longword data, the H8/3042 Series regards the lowest address bit as 
0. The stack should always be accessed by word access or longword access, and the value of the 
stack pointer (SP, ER7) should always be kept even. Use the following instructions to save 
registers: 


PUSH.W Rn (or MOV.W Rn, @-SP) 
PUSH.L ERn (or MOV.L ERn, @-SP) 


Use the following instructions to restore registers: 


POP.W Rn = (or MOV.W @SP+, Rn) 
POPLERn (or MOV.L @SP+, ERn) 


Setting SP to an odd value may lead to a malfunction. Figure 4-7 shows an example of what 
happens when the SP value is odd. 























CCR sp > RIL H'FFFEFA 

sP—> H'FFFEFB 
| PC | ; PC -| HEFFEFC 

i; | L -| HEFFEFD 
es es H'FFFEFF 


SP —> 























TRAPA instruction executed MOV. B R1L, @-ER7 
ro 
SP set to H'FFFEFF Data saved above SP CCR contents lost 


Legend 

CCR: Condition code register 
PC: Program counter 

RiL: General register R1L 
SP: Stack pointer 


Note: The diagram illustrates modes 3 and 4. 








Figure 4-7 Operation when SP Value is Odd 
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Section 5 Interrupt Controller 


5.1 Overview 

5.1.1 Features 

The interrupt controller has the following features: 

e Interrupt priority registers (IPRs) for setting interrupt priorities 


Interrupts other than NMI can be assigned to two priority levels on a module-by-module basis 
in interrupt priority registers A and B (IPRA and IPRB). 


¢  Three-level masking by the I and UI bits in the CPU condition code register (CCR) 
¢ Independent vector addresses 


All interrupts are independently vectored; the interrupt service routine does not have to 
identify the interrupt source. 


e Seven external interrupt pins 


NMI has the highest priority and is always accepted; either the rising or falling edge can be 
selected. For each of IRQp to IRQs, sensing of the falling edge or level sensing can be 
selected independently. 
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5.1.2 Block Diagram 


Figure 5-1 shows a block diagram of the interrupt controller. 
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Figure 5-1 Interrupt Controller Block Diagram 
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5.1.3 Pin Configuration 
Table 5-1 lists the interrupt pins. 


Table 5-1 Interrupt Pins 








Name Abbreviation I/O Function 

Nonmaskable interrupt NMI Input Nonmaskable interrupt, rising edge or 
falling edge selectable 

External interrupt request 5 to0 IRQs;tolIRQ) Input Maskable interrupts, falling edge or 


level sensing selectable 





5.1.4 Register Configuration 
Table 5-2 lists the registers of the interrupt controller. 


Table 5-2 Interrupt Controller Registers 























Address“! Name Abbreviation R/W Initial Value 
H'FFF2 System control register SYSCR R/W H'0B 
H'FFF4 IRQ sense control register ISCR R/W H'00 
H'FFF5 IRQ enable register IER R/W H'00 
H'FFF6 IRQ status register ISR R/(W)*2 H'00 
H'FFF8 Interrupt priority register A IPRA R/W H'00 
H'FFF9 Interrupt priority register B IPRB R/W H'00 

Notes: 1. Lower 16 bits of the address. 


2. Only 0 can be written, to clear flags. 
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5.2 Register Descriptions 
5.2.1 System Control Register (SYSCR) 


SYSCR is an 8-bit readable/writable register that controls software standby mode, selects the 
action of the UI bit in CCR, selects the NMI edge, and enables or disables the on-chip RAM. 


Only bits 3 and 2 are described here. For the other bits, see section 15.2, System Control Register 
(SYSCR). 


SYSCR is initialized to H'OB by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 








Bit 7 6 5 4 3 2 1 
_sspy | sTs2 | sTsi | sTSo UE | NMIEG) — | RAME | 
Initial value 0 0 0 0 1 0 1 1 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 





RAM enable 


Reserved bit 














Standby timer NMI edge select 
select 2 to 0 Selects the NMI input edge 
Software standby User bit enable 


Selects whether to use the UI bit in 
CCR as a user bit or interrupt mask bit 
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Bit 3—User Bit Enable (UE): Selects whether to use the UI bit in CCR as a user bit or an 
interrupt mask bit. 





Bit 3 

UE Description 

0 UI bit in CCR is used as interrupt mask bit 

1 UI bit in CCR is used as user bit (Initial value) 


Bit 2—NMI Edge Select (NMIEG): Selects the NMI input edge. 





Bit 2 

NMIEG Description 

0 Interrupt is requested at falling edge of NMI input (Initial value) 
1 Interrupt is requested at rising edge of NMI input 





5.2.2 Interrupt Priority Registers A and B (IPRA, IPRB) 


IPRA and IPRB are 8-bit readable/writable registers that control interrupt priority. 
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Interrupt Priority Register A (IPRA): IPRA is an 8-bit readable/writable register in which 
interrupt priority levels can be set. 


Bit 7 6 5 4 3 2 1 0 
IPRA7 | IPRA6 | IPRAS5 | IPRA4 | IPRA3 | IPRA2 | IPRA1 | IPRAO 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 






































Priority 
level AO 
Selects the 
priority level 
of ITU 
channel 2 
interrupt 
requests 





Priority level A1 
Selects the priority level 
of ITU channel 1 
interrupt requests 





Priority level A2 
Selects the priority level of 
ITU channel 0 interrupt requests 





Priority level A3 
Selects the priority level of WDT and 
refresh controller interrupt requests 





Priority level A4 
Selects the priority level of IRQ, and IRQs 
interrupt requests 





Priority level A5 
Selects the priority level of IRQ, and IRQ3 interrupt requests 





Priority level A6 
Selects the priority level of IRQ, interrupt requests 





Priority level A7 
Selects the priority level of IRQg interrupt requests 


IPRA is initialized to H'00 by a reset and in hardware standby mode. 
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Bit 7—Priority Level A7 (IPRA7): Selects the priority level of IRQp interrupt requests. 








Bit 7 

IPRA7 ‘Description 

0 IRQo interrupt requests have priority level 0 (low priority) (Initial value) 
1 IRQ interrupt requests have priority level 1 (high priority) 


Bit 6—Priority Level A6 (IPRA6): Selects the priority level of IRQ, interrupt requests. 





Bit 6 

IPRA6 ‘Description 

0 IRQ, interrupt requests have priority level 0 (low priority) (Initial value) 
1 IRQ, interrupt requests have priority level 1 (high priority) 





Bit 5—Priority Level A5 (IPRAS): Selects the priority level of IRQ) and IRQ; interrupt 








requests. 

Bit 5 

IPRA5 Description 

0 IRQ» and IRQg interrupt requests have priority level 0 (low priority) (Initial value) 
1 IRQ» and IRQg interrupt requests have priority level 1 (high priority) 


Bit 4—Priority Level A4 (IPRA4): Selects the priority level of IRQ, and IRQ; interrupt requests. 





Bit 4 

IPRA4 __ Description 

0 IRQ, and IRQz interrupt requests have priority level 0 (low priority) (Initial value) 
1 IRQ, and IRQz interrupt requests have priority level 1 (high priority) 
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Bit 3—Priority Level A3 (IPRA3): Selects the priority level of WDT and refresh controller 
interrupt requests. 


Bit 3 
IPRA3 Description 


0 WDT and refresh controller interrupt requests have priority level 0 (Initial value) 
(low priority) 





1 WDT and refresh controller interrupt requests have priority level 1 (high priority) 


Bit 2—Priority Level A2 (IPRA2): Selects the priority level of ITU channel 0 interrupt requests. 





Bit 2 

IPRA2 Description 

0 ITU channel 0 interrupt requests have priority level 0 (low priority) (Initial value) 
1 ITU channel 0 interrupt requests have priority level 1 (high priority) 





Bit 1—Priority Level Al (IPRA1): Selects the priority level of ITU channel 1 interrupt requests. 








Bit 1 

IPRA1 Description 

0 ITU channel 1 interrupt requests have priority level 0 (low priority) (Initial value) 
1 ITU channel 1 interrupt requests have priority level 1 (high priority) 





Bit 0—Priority Level AO (IPRAO): Selects the priority level of ITU channel 2 interrupt requests. 








Bit 0 

IPRAO Description 

0 ITU channel 2 interrupt requests have priority level 0 (low priority) (Initial value) 
1 ITU channel 2 interrupt requests have priority level 1 (high priority) 
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Interrupt Priority Register B (IPRB): IPRB is an 8-bit readable/writable register in which 


interrupt priority levels can be set. 



































Bit 7 6 5 4 3 2 1 0 
IPRB7 | IPRB6 | IPRB5 —_— IPRB3 | IPRB2 | IPRB1 — 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 





Reserved bit 


Priority level B1 
Selects the priority level 
of A/D converter 
interrupt request 





Priority level B2 
Selects the priority level of 
SCI channel 1 interrupt requests 





Priority level B3 
Selects the priority level of SCI 
channel 0 interrupt requests 





Reserved bit 





Priority level B5 
Selects the priority level of DMAC 
interrupt requests (channels 0 and 1) 





Priority level B6 
Selects the priority level of ITU channel 4 interrupt requests 





Priority level B7 
Selects the priority level of ITU channel 3 interrupt requests 


IPRB is initialized to H'00 by a reset and in hardware standby mode. 
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Bit 7—Priority Level B7 (IPRB7): Selects the priority level of ITU channel 3 interrupt requests. 








Bit 7 

IPRB7 ‘Description 

0 ITU channel 3 interrupt requests have priority level 0 (low priority) (Initial value) 
1 ITU channel 3 interrupt requests have priority level 1 (high priority) 


Bit 6—Priority Level B6 (IPRB6): Selects the priority level of ITU channel 4 interrupt requests. 





Bit 6 

IPRB6 _ _— Description 

0 ITU channel 4 interrupt requests have priority level 0 (low priority) (Initial value) 
1 ITU channel 4 interrupt requests have priority level 1 (high priority) 





Bit 5—Priority Level B5 (IPRBS): Selects the priority level of DMAC interrupt requests 
(channels 0 and 1). 








Bit 5 

IPRB5 _— Description 

0 DMAC interrupt requests (channels 0 and 1) have priority level 0 (Initial value) 
(low priority) 

1 DMAC interrupt requests (channels 0 and 1) have priority level 1 (high priority) 





Bit 4—Reserved: This bit can be written and read, but it does not affect interrupt priority. 


88 


Bit 3— Priority Level B3 (IPRB3): Selects the priority level of SCI channel 0 interrupt requests. 








Bit 3 

IPRB3 _— Description 

0 SCIO interrupt requests have priority level 0 (low priority) (Initial value) 
1 SCIO interrupt requests have priority level 1 (high priority) 


Bit 2—Priority Level B2 (IPRB2): Selects the priority level of SCI channel | interrupt requests. 





Bit 2 

IPRB2 __— Description 

0 SCI1 interrupt requests have priority level 0 (low priority) (Initial value) 
1 SCI1 interrupt requests have priority level 1 (high priority) 





Bit 1—Priority Level B1 (IPRB1): Selects the priority level of A/D converter interrupt requests. 








Bit 1 

IPRB1 ~—Description 

0 A/D converter interrupt requests have priority level 0 (low priority) (Initial value) 
1 A/D converter interrupt requests have priority level 1 (high priority) 





Bit 0—Reserved: This bit can be written and read, but it does not affect interrupt priority. 
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5.2.3 IRQ Status Register (ISR) 


ISR is an 8-bit readable/writable register that indicates the status of IRQg to IRQs interrupt 


requests. 


Bit 


Initial value 
Read/Write 





























7 6 5 4 3 2 1 0 
—_ —_ IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQIF | IRQOF 
0 0 0 0 0 0 0 0 


= —  R(WytOR/(W)*OR/(W)y* RW) RW) —R/(W)* 














Reserved bits IRQ; to IRQg flags 


These bits indicate IRQ; to IRQ 
interrupt request status 


Note: * Only 0 can be written, to clear flags. 


ISR is initialized to H'00 by a reset and in hardware standby mode. 


Bits 7 and 6—Reserved: Read-only bits, always read as 0. 


Bits 5 to O—IRQ; to IRQg Flags IRQ;sF to IRQoF): These bits indicate the status of 
IRQs to IRQg interrupt requests. 





Bits 5 to 0 
IRQ5F to IRQOF Description 
0 [Clearing conditions] (Initial value) 


0 is written in IRQnF after reading the IRQnF flag when IRQnF = 1. 
IRQnSC = 0, IRQn input is high, and interrupt exception handling is carried out. 
IRQnSC = 1 and IRQn interrupt exception handling is carried out. 








Note: n=5to0 


[Setting conditions] 
IRQnSC = 0 and IRQn input is low. 
IRQnSC = 1 and IRQn input changes from high to low. 
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5.2.4 IRQ Enable Register (IER) 


TER is an 8-bit readable/writable register that enables or disables IRQp to IRQs interrupt requests. 


Bit 


Initial value 
Read/Write 


























7 6 5 4 3 2 1 0 
_ _ IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQ1E | IRQOE 
0 0 0 0 0 0 0 0 


R/W R/W R/W R/W R/W R/W R/W R/W 











Reserved bits IRQ, to IRQ, enable 
These bits enable or disable IRQs to IRQg interru 


TER is initialized to H'00 by a reset and in hardware standby mode. 


Bits 7 and 6—Reserved: These bits can be written and read, but they do not enable or disable 


interrupts. 


Bits 5 to O—IRQ; to IRQy Enable (IRQSE to IRQOE): These bits enable or disable 
IRQ; to IRQO interrupts. 


Bits 5 to0O 


IRQ5E to IRQOE Description 


0 


IRQs to IRQg interrupts are disabled (Initial value) 





{ 


IRQs to IRQ interrupts are enabled 


91 


5.2.5 IRQ Sense Control Register (ISCR) 


ISCR is an 8-bit readable/writable register that selects level sensing or falling-edge sensing of the 
inputs at pins IRQ; to IRQo. 
































Bit 7 6 5 4 3 2 1 0 
— — IRQ5SC | IRQ4SC | IRQ3SC | IRQ2SC)} IRQ1SC | IRQ0SC 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 











Reserved bits IRQ; to IRQ sense control 
These bits select level sensing or falling-edge 
sensing for IRQs to IRQg interrupts 


ISCR is initialized to H'00 by a reset and in hardware standby mode. 


Bits 7 and 6—Reserved: These bits can be written and read, but they do not select level or 
falling-edge sensing. 


Bits 5 to O—IRQ; to IRQg Sense Control (IRQ5SC to IRQOSC): These bits select whether 
interrupts IRQs to IRQg are requested by level sensing of pins IRQs to IRQg, or by falling-edge 
sensing. 








Bits 5 to0 

IRQ5SC to IRQOSC_ Description 

0 Interrupts are requested when IRQz to IRQg inputs are low (Initial value) 
1 Interrupts are requested by falling-edge input at IRQs to IRQg 
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5.3 Interrupt Sources 
The interrupt sources include external interrupts (NMI, IRQp to IRQs) and 30 internal interrupts. 
5.3.1 External Interrupts 


There are seven external interrupts: NMI, and IRQp to IRQs. Of these, NMI, IRQp, IRQ), and 
IRQ, can be used to exit software standby mode. 


NMI: NMI is the highest-priority interrupt and is always accepted, regardless of the states of the 
Tand UI bits in CCR. The NMIEG bit in SYSCR selects whether an interrupt is requested by the 
rising or falling edge of the input at the NMI pin. NMI interrupt exception handling has vector 
number 7. 


IRQ, to IRQ; Interrupts: These interrupts are requested by input signals at pins IRQp to IRQs. 
The IRQp to IRQs interrupts have the following features. 


e — ISCR settings can select whether an interrupt is requested by the low level of the input at pins 
IRQg to IRQs, or by the falling edge. 





e _ TER settings can enable or disable the IRQg to IRQs interrupts. Interrupt priority levels can be 
assigned by four bits in IPRA (IPRA7 to IPRA4). 


¢ The status of IRQg to IRQs interrupt requests is indicated in ISR. The ISR flags can be 
cleared to 0 by software. 


Figure 5-2 shows a block diagram of interrupts IRQg to IRQs. 





IRQnSC IRQnE 


| IRQnF | 
Edge/level = Ss Q [+ IRQn interrupt 
sense circuit request 
R 
IRQn input in 


Clear signal 



































Note: n=5to0 








Figure 5-2 Block Diagram of Interrupts IRQ, to IRQ; 
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Figure 5-3 shows the timing of the setting of the interrupt flags (RQnF). 


















































IRQn 
input pin 








IRQnF 








Note: n=5to0 








Figure 5-3 Timing of Setting of IRQnF 


Interrupts IRQp to IRQs have vector numbers 12 to 17. These interrupts are detected regardless of 
whether the corresponding pin is set for input or output. When using a pin for external interrupt 
input, clear its DDR bit to 0 and do not use the pin for chip select output, refresh output, or SCI 
input or output. 


5.3.2 Internal Interrupts 
Thirty internal interrupts are requested from the on-chip supporting modules. 


¢ Each on-chip supporting module has status flags for indicating interrupt status, and enable 
bits for enabling or disabling interrupts. 


¢ Interrupt priority levels can be assigned in IPRA and IPRB. 


e ITU and SCI interrupt requests can activate the DMAC, in which case no interrupt request is 
sent to the interrupt controller, and the I and UI bits are disregarded. 


5.3.3 Interrupt Vector Table 


Table 5-3 lists the interrupt sources, their vector addresses, and their default priority order. In the 
default priority order, smaller vector numbers have higher priority. The priority of interrupts other 
than NMI can be changed in IPRA and IPRB. The priority order after a reset is the default order 
shown in table 5-3. 


94 


Table 5-3 Interrupt Sources, Vector Addresses, and Priority 


Vector Address* 





































































































Vector 
Interrupt Source Origin Number Advanced Mode Normal Mode IPR Priority 
NMI External 7 H'001C to H'001F H'OOOE to H'000F — High 
pins A 
IRQo 12 H'0030 to H'0033 H'0018to H'0019 IPRA7 
IRQ, 13 H'0034 to HO037 ~=H'001A to H'001B_~ IPRA6 
IRQs 14 H'0038 to H'003B H'001C to H'001D IPRAS5 
IRQ3 15 H'003C to H'003F H'001E to H'001F 
IRQ, 16 H'0040 to H'0043 H'0020 to H'0021 IPRA4 
IRQs 17 H'0044 to H'0047 ~H'0022 to H'0023 
Reserved _ 18 H'0048 to H'004B ~—-H'0024 to H'0025 
19 H'004C to H'004F H'0026 to H'0027 
WOVI Watchdog 20 H'0050 to H'0053_ ~=-H'0028 to H'0029_—=«IPRA3 
(interval timer) timer 
CMI Refresh 21 H'0054 to H'0057 ~—H'002A to H'002B 
(compare match) _ controller 
Reserved _ 22 H'0058 to H'005B-_—-H'002C to H'002D 
23 H'005C to H'005F H'002E to H'002F 
IMIAO ITU 24 H'0060 to H'0063 H'0030 to H'0031 IPRA2 
(compare match/ channel 0 
input capture AO) 
IMIBO 25 H'0064 to H'0067 ~H'0032 to H'0033 
(compare match/ 
input capture BO) 
OVIO (overflow 0) 26 H'0068 to H'006B-—-H'0034 to H'0035 
Reserved _— 27 H'006C to H'006F H'0036 to H'0037 
IMIA1 ITU 28 H'0070 to H'0073 ~H'0038 to H'0039_ = IPRA1 
(compare match/ channel 1 
inputcapture A1) 
IMIB1 29 H'0074 to H'0077 ~—H'003A to H'003B 
(compare match/ 
input capture B1) 
OVI1 (overflow 1) 30 H'0078 to H'007B_~—_H'003C to H'003D 
Reserved _ 31 H'007C to H'007F H'003E to H'003F Low 





Note: * Lower 16 bits of the address. 
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Table 5-3 Interrupt Sources, Vector Addresses, and Priority (cont) 


Vector Address* 



















































































Vector 
Interrupt Source Origin Number Advanced Mode Normal Mode IPR Priority 
IMIA2 ITU 32 H'0080 to H'0083 ~H'0040 to H'0041 IPRAO High 
(compare match/ channel 2 A 
input capture A2) 
IMIB2 33 H'0084 to H'0087 H'0042 to H'0043 
(compare match/ 
input capture B2) 
OVI2 (overflow 2) 34 H'0088 to H'008B_—-H'0044 to H'0045 
Reserved — 35 H'008C to H'008F H'0046 to H'0047 
IMIA3 ITU 36 H'0090 to H'0093 ~=H'0048 to H'0049' =~ IPRB7 
(compare match channel 3 
/input capture A3) 
IMIB3 37 H'0094 to H'0097 ~H'004A to H'004B 
(compare match/ 
input capture B3) 
OVI3 (overflow 3) 38 H'0098 to H'009B-_ H'004C to H'004D 
Reserved — 39 H'009C to H'009F H'004E to H'004F 
IMIA4 ITU 40 H'00A0 to H'00A3 H'0050 to H'0051 + IPRB6 
(compare match/ channel 4 
input capture A4) 
IMIB4 4 H'00A4 to H'00A7_ H'0052 to H'0053 
(compare match/ 
input capture B4) 
OVI4 (overflow 4) 42 H'00A8 to H'00AB__-H'0054 to H'0055 
Reserved — 43 H'O0AC to H'O0AF H'0056 to H'0057 
DENDOA DMAC 44 H'00BO to H'00B3 H'0058 to H'0059_ =IPRB5 
DENDOB 45 H'00B4 to H'00B7_ H'005A to H'005B 
DEND1A 46 H'00B8 to H'00BB_ H'005C to H'005D 
DEND1B 47 H'OOBC to H'OOBF H'005E to H'005F 
Reserved — 48 H'00C0 to H'00C3 H'0060 to H'0061 — 
49 H'00C4 to H'00C7 H'0062 to H'0063 
50 H'00C8 to H'00CB__H'0064 to H'0065 
51 H'00CC to H'00CF H'0066 to H'0067 Low 

















Note: * Lower 16 bits of the address. 
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Table 5-3 Interrupt Sources, Vector Addresses, and Priority (cont) 


Vector Address* 


















































Interrupt Source Origin Number Advanced Mode Normal Mode IPR Priority 
ERIO SCl 52 H'00D0 to H'00D3_ -H'0068 to H'0069 IPRB3_ High 
(receive errorO) = channel 0 A 
RXI0 (receive 53 H'00D4 to H'00D7_ H'O06A to H'006B 

data full 0) 

TXIO (transmit 54 H'00D8 to H'00DB__H'006C to H'006D 

data empty 0) 

TEIO 55 H'00DC to H'00DF H'OO6E to H'006F 

(transmit end 0) 

ERI1 SCl 56 H'00E0 to H'00E3 H'0070 to H'0071 IPRB2 
(receive error1) — channel 1 

RXI1 (receive 57 H'00E4 to H'00E7 ~ H'0072 to H'0073 

data full 1) 

TXI1 (transmit 58 H'00E8 to H'00EB_ H'0074 to H'0075 

data empty 1) 

TEM 59 H'OOEC to H'00EF H'0076 to H'0077 

(transmit end 1) 

ADI (A/D end) A/D 60 H'00F0 to H'00F3 ~=H'0078 to H'0079 ~IPRB1 Low 


Note: * Lower 16 bits of the address. 
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5.4 Interrupt Operation 
5.4.1 Interrupt Handling Process 


The H8/3042 Series handles interrupts differently depending on the setting of the UE bit. When 
UE = 1, interrupts are controlled by the I bit. When UE = 0, interrupts are controlled by the I and 
UI bits. Table 5-4 indicates how interrupts are handled for all setting combinations of the UE, I, 
and UI bits. 


NMI interrupts are always accepted except in the reset and hardware standby states. IRQ 
interrupts and interrupts from the on-chip supporting modules have their own enable bits. 
Interrupt requests are ignored when the enable bits are cleared to 0. 


Table 5-4 UE, I, and UI Bit Settings and Interrupt Handling 


SYSCR CCR 
UE I Ul Description 

















1 0 = All interrupts are accepted. Interrupts with priority level 1 have higher 
priority. 
1 —_ No interrupts are accepted except NMI. 
0 0 = All interrupts are accepted. Interrupts with priority level 1 have higher 
priority. 
1 0 NMI and interrupts with priority level 1 are accepted. 
1 No interrupts are accepted except NMI. 


UE = 1: Interrupts IRQg to IRQs and interrupts from the on-chip supporting modules can all be 
masked by the I bit in the CPU’s CCR. Interrupts are masked when the I bit is set to 1, and 
unmasked when the I bit is cleared to 0. Interrupts with priority level 1 have higher priority. 
Figure 5-4 is a flowchart showing how interrupts are accepted when UE = 1. 


98 








Y 
Program execution state 




















Yes 


| 


















Yes 
ra, 
oe 
¥ 
' kc ' 





Priority level 1? 











Y 
No 
Interrupt requested? >| 
1 Yes 
NMI 
| No 
No Pending 
A 
No 


<[re, 


Yes 











Y 
No 














Save PC and CCR 
Y 


1-1 


1 


Read vector address 


[Se 


Branch to interrupt 
service routine 






































Figure 5-4 Process Up to Interrupt Acceptance when UE = 1 
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If an interrupt condition occurs and the corresponding interrupt enable bit is set to 1, an 
interrupt request is sent to the interrupt controller. 


When the interrupt controller receives one or more interrupt requests, it selects the highest- 
priority request, following the IPR interrupt priority settings, and holds other requests 
pending. If two or more interrupts with the same IPR setting are requested simultaneously, the 
interrupt controller follows the priority order shown in table 5-3. 


The interrupt controller checks the I bit. If the I bit is cleared to 0, the selected interrupt 
request is accepted. If the I bit is set to 1, only NMI is accepted; other interrupt requests are 
held pending. 


When an interrupt request is accepted, interrupt exception handling starts after execution of 
the current instruction has been completed. 


In interrupt exception handling, PC and CCR are saved to the stack area. The PC value that is 
saved indicates the address of the first instruction that will be executed after the return from 
the interrupt service routine. 


Next the I bit is set to 1 in CCR, masking all interrupts except NMI. 


The vector address of the accepted interrupt is generated, and the interrupt service routine 
starts executing from the address indicated by the contents of the vector address. 


UE = 0: The I and UI bits in the CPU’s CCR and the IPR bits enable three-level masking of 
IRQo to IRQs interrupts and interrupts from the on-chip supporting modules. 


Interrupt requests with priority level 0 are masked when the I bit is set to 1, and are unmasked 
when the I bit is cleared to 0. 


Interrupt requests with priority level | are masked when the I and UI bits are both set to 1, 
and are unmasked when either the I bit or the UI bit is cleared to 0. 


For example, if the interrupt enable bits of all interrupt requests are set to 1, IPRA is set to 
H'20, and IPRB is set to H'00 (giving IRQ, and IRQ; interrupt requests priority over other 
interrupts), interrupts are masked as follows: 


a. IfI=O0, all interrupts are unmasked (priority order: NMI > IRQ) > IRQ3 >IRQ, ...). 
b. Ifl=1 and UI =0, only NMI, IRQ), and IRQ3 are unmasked. 
c. Ifl=1 and UI = 1, all interrupts are masked except NMI. 


100 


Figure 5-5 shows the transitions among the above states. 





1-0 
( a. All interrupts are ) ” ( b. Only NMI, IRQ>, and ) 
unmasked ie) — IRQ3 are unmasked 


Exception handling, 
orl <1, Ul <1 
























UI<—0O 


c. All interrupts are 
masked except NMI 


Figure 5-5 Interrupt Masking State Transitions (Example) 
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or Ul —1 














Figure 5-6 is a flowchart showing how interrupts are accepted when UE = 0. 


e If an interrupt condition occurs and the corresponding interrupt enable bit is set to 1, an 
interrupt request is sent to the interrupt controller. 


e When the interrupt controller receives one or more interrupt requests, it selects the highest- 
priority request, following the IPR interrupt priority settings, and holds other requests 
pending. If two or more interrupts with the same IPR setting are requested simultaneously, the 
interrupt controller follows the priority order shown in table 5-3. 


¢ The interrupt controller checks the I bit. If the I bit is cleared to 0, the selected interrupt 
request is accepted regardless of its IPR setting, and regardless of the UI bit. If the I bit is set 
to 1 and the UI bit is cleared to 0, only NMI and interrupts with priority level 1 are accepted; 
interrupt requests with priority level 0 are held pending. If the I bit and UI bit are both set to 
1, only NMI is accepted; all other interrupt requests are held pending. 


e When an interrupt request is accepted, interrupt exception handling starts after execution of 
the current instruction has been completed. 


¢ In interrupt exception handling, PC and CCR are saved to the stack area. The PC value that is 
saved indicates the address of the first instruction that will be executed after the return from 
the interrupt service routine. 


¢ The I and UI bits are set to 1 in CCR, masking all interrupts except NMI. 


e The vector address of the accepted interrupt is generated, and the interrupt service routine 
starts executing from the address indicated by the contents of the vector address. 
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Figure 5-6 Process Up to Interrupt Acceptance when UE = 0 
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5.4.2 Interrupt Sequence 


Figure 5-7 shows the interrupt sequence in mode 2 when the program code and stack are in an 


external memory area accessed in two states via a 16-bit bus. 








“Snq 119-9]. BIA Saye}s OM) U! passeooe Bare AJOWAW JeUI9}X9 U! yOR}]S pue apoo wWeBoId YM ‘Zz Epoy| :S]ON 


BUIINOI BOIAJBS JdNU9jU! JO UONONSU! JSJI4 (pL) p-ds (Z) 

(ZL) ‘(OL) = (EL) ‘eugnos aoues ydnueju! Jo sseuppe Buels (et) z-ds (s) 

(SSeuppe JOJOBA (payndexe jou) ssaippe Yojejosd UOONISU] (€) 

JO S]U9}U09) BUI}NOI BoIAUaS JdnuEjU! Jo ssesppe Huels (ZL) ‘(OL) (pajndexa jou) apod uOHONysu] (7) ‘(Z) 
ssoippe 10j09A, (1.1) ‘(6) (s}ua]U0D Od SB owes ‘ssaippe UIN}aJ 

yoejs 0} panes YOO pue dd = (8) ‘(9) {pe]noexe jou) sseippe Yyo}ejasd UoHONJ}Su| (L) 

















































































































































































































< by) > < i) ><) ><) >K_@) > < ) >K_@ °ao Sq 
| UBIH YM1'MH 
| | | : | : ! | E au 
3 : 3 : : . , | : sng 
x_(e)_ xX 0) X 6 xX © xX _@ X (©); ) Since 
jeuBbls 
ysoenbas 
aan NI 
@ 
' 
. uoronajsut Buisseooid YO}9} 10}09/\ . yoes “Bulsseooid yoyayaud | UONONASU! JO PUd JO} 
9UIINOI BdIAIBS jeus9}u| Jeusajuy uolonysuU] Wem puke uolsl9ap 
ydnwejul [9A] Jdnwe}U] 





JO YOlaJa1dg 
pajdaooe jdnue}u| 





Figure 5-7 Interrupt Sequence (Mode 2, Two-State Access, 
Stack in External Memory) 
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5.4.3 Interrupt Response Time 


Table 5-5 indicates the interrupt response time from the occurrence of an interrupt request until the 


first instruction of the interrupt service routine is executed. 


Table 5-5 Interrupt Response Time 


Advanced Mode 
External Memory 























On-Chip 8-Bit Bus 16-Bit Bus Nonal 
No. Item Memory 2States 3States 2States 3States Mode 
1 Interrupt priority a" 2" 2" 2" 2" 2" 
decision 
2 Maximum number 1 to 23 1 to 27 1 to 31*4 110 23 1 to 25*4 110 23 
of states until end of 
current instruction 
3. Saving PC and CCR 4 8 12*4 4 6*4 4 
to stack 
4 Vector fetch 4 8 12*4 4 6*4 2 
5 Instruction prefetch*2 4 8 12*4 4 6*4 4 
6 Internal processing*3 4 4 4 4 4 4 
Total 19to41 31t057 43to73 19to41 25to49 171to 39 





Notes: 1. 1 state for internal interrupts. 


2. Prefetch after the interrupt is accepted and prefetch of the first instruction in the interrupt 


service routine. 


3. Internal processing after the interrupt is accepted and internal processing after prefetch. 
4. The number of states increases if wait states are inserted in external memory access. 
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5.5 Usage Notes 
5.5.1 Contention between Interrupt and Interrupt-Disabling Instruction 


When an instruction clears an interrupt enable bit to 0 to disable the interrupt, the interrupt is not 
disabled until after execution of the instruction is completed. If an interrupt occurs while a BCLR, 
MOV, or other instruction is being executed to clear its interrupt enable bit to 0, at the instant 
when execution of the instruction ends the interrupt is still enabled, so its interrupt exception 
handling is carried out. If a higher-priority interrupt is also requested, however, interrupt exception 
handling for the higher-priority interrupt is carried out, and the lower-priority interrupt is ignored. 
This also applies to the clearing of an interrupt flag. 


Figure 5-8 shows an example in which an IMIEA bit is cleared to 0 in the ITU. 
















































































_ TIER write cycle by CPU | IMIA exception handling 
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° | | | 
Internal ; 
address bus x TER ABOteSS x x 
Internal 
write signal 
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IMFA interrupt 
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Figure 5-8 Contention between Interrupt and Interrupt-Disabling Instruction 


This type of contention will not occur if the interrupt is masked when the interrupt enable bit or 
flag is cleared to 0. 
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5.5.2 Instructions that Inhibit Interrupts 


The LDC, ANDC, ORC, and XORC instructions inhibit interrupts. When an interrupt occurs, 
after determining the interrupt priority, the interrupt controller requests a CPU interrupt. If the 
CPU is currently executing one of these interrupt-inhibiting instructions, however, when the 
instruction is completed the CPU always continues by executing the next instruction. 


5.5.3 Interrupts during EEPMOV Instruction Execution 
The EEPMOV.B and EEPMOV.W instructions differ in their reaction to interrupt requests. 


When the EEPMOV.B instruction is executing a transfer, no interrupts are accepted until the 
transfer is completed, not even NMI. 


When the EEPMOV.W instruction is executing a transfer, interrupt requests other than NMI are 
not accepted until the transfer is completed. If NMI is requested, NMI exception handling starts at 
a transfer cycle boundary. The PC value saved on the stack is the address of the next instruction. 
Programs should be coded as follows to allow for NMI interrupts during EEPMOV.W execution: 


Ll: EEPMOV.W 
MOV.W R4,R4 
BNE Lil 
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Section 6 Bus Controller 


6.1 Overview 


The H8/3042 Series has an on-chip bus controller that divides the address space into eight areas 
and can assign different bus specifications to each. This enables different types of memory to be 
connected easily. 


A bus arbitration function of the bus controller controls the operation of the DMA controller 
(DMAC) and refresh controller. The bus controller can also release the bus to an external device. 


6.1.1 Features 
Features of the bus controller are listed below. 
¢ Independent settings for address areas 0 to 7 


— 128-kbyte areas in 1-Mbyte modes; 2-Mbyte areas in 16-Mbyte modes. 
— Chip select signals (CSq to CS3) can be output for areas 0 to 3. 

— Areas can be designated for 8-bit or 16-bit access. 

— Areas can be designated for two-state or three-state access. 





e Four wait modes 


— Programmable wait mode, pin auto-wait mode, and pin wait modes 0 and | can be 
selected. 
— Zero to three wait states can be inserted automatically. 


e Bus arbitration function 


— A built-in bus arbiter grants the bus right to the CPU, DMAC, refresh controller, or an 
external bus master. 
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6.1.2 Block Diagram 


Figure 6-1 shows a block diagram of the bus controller. 




























































































CSo to CS3 
ABWCR 
Internal —— 
address bus iz ASTOR: ps — 
>> rea — ——— 
decoder }—__ WCER K____ 
Bus control 
circuit 
>] 
|< 
Wait-state 
WAIT *| controller 
WCR 
|------------ Internal signals - - --------- 
| CPU bus request signal ————— >| BRCR 
| DMAC bus request signal = <>} 
| Refresh controller bus request signal —e| F 
| CPU bus acknowledge signal —— Pus-atbier 
DMAC bus acknowledge signal ——_— 
| Refresh controller bus acknowledge signal |~«— 
BACK 
Legend BREQ 


ABWCR: Bus width control register 

ASTCR: Access state control register 
WCER: Wait state controller enable register 
WCR: Wait control register 

BRCR: Bus release control register 





Internal data bus 


joann Internal signals - - - - - 


f=; Bus mode control signal 


;=' Bus size control signal 


t™' Access state control signal 


Lo Wait request signal 








Figure 6-1 Block Diagram of Bus Controller 
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6.1.3 Input/Output Pins 
Table 6-1 summarizes the bus controller’s input/output pins. 


Table 6-1 Bus Controller Pins 


Name Abbreviation I/O Function 





Chip selectO to3 CS) to CS, Output Strobe signals selecting areas 0 to 3 





Address strobe AS Output Strobe signal indicating valid address output on the 
address bus 





Read RD Output Strobe signal indicating reading from the external 
address space 





High write HWR Output Strobe signal indicating writing to the external 
address space, with valid data on the upper data 
bus (D45 to Dg) 





Low write LWR Output Strobe signal indicating writing to the external 
address space, with valid data on the lower data 
bus (D7 to Do) 





Wait WAIT Input Wait request signal for access to external three- 
state-access areas 








Bus request BREQ Input Request signal for releasing the bus to an external 
device 
Bus acknowledge BACK Output Acknowledge signal indicating the bus is released 


to an external device 





6.1.4 Register Configuration 
Table 6-2 summarizes the bus controller’s registers. 


Table 6-2 Bus Controller Registers 














Abbrevi- Initial Value 
Address* Name ation R/W Modes 1, 3,5 Modes 2, 4, 6, 7 
H'FFEC Bus width control register ABWCR_ R/W H'FF H'00 
H'FFED Access state control register ASTCR R/W H'FF H'FF 
H'FFEE Wait control register WCR R/W H'F3 H'F3 
H'FFEF Wait state controller enable WCER R/W H'FF H'FF 
register 
H'FFF3 Bus release control register BRCR R/W H'FE H'FE 


Note: * Lower 16 bits of the address. 
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6.2 Register Descriptions 
6.2.1 Bus Width Control Register (ABWCR) 


ABWCR is an 8-bit readable/writable register that selects 8-bit or 16-bit access for each area. 



































Bit 7 6 5 4 3 2 1 0 
ABW7 | ABW6 | ABWS5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO 
Initial [ Mode1,3,5 1 1 1 1 1 1 1 1 
value Mode 2,4,6,7 0 0 0 0 0 0 0 0 
Read/Write R/W RW RW RW RW RW RW ~~ ~RIW 





Bits selecting bus width for each area 


When ABWCR contains H'FF (selecting 8-bit access for all areas), the chip operates in 8-bit bus 
mode: the upper data bus (D15 to Dg) is valid, and port 4 is an input/output port. When at least one 
bit is cleared to 0 in ABWCR, the chip operates in 16-bit bus mode with a 16-bit data bus (D15 to 
Do). In modes 1, 3, and 5 ABWCR is initialized to H'FF by a reset and in hardware standby mode. 
In modes 2, 4, 6 and 7 ABWCR is initialized to H'00 by a reset and in hardware standby mode. 
ABWCR is not initialized in software standby mode. 


Bits 7 to 0O—Area 7 to 0 Bus Width Control (ABW7 to ABW0): These bits select 8-bit access 
or 16-bit access to the corresponding address areas. 








Bits 7 to 0 

ABW7 to ABWO __iDescription 

0 Areas 7 to 0 are 16-bit access areas 
1 Areas 7 to 0 are 8-bit access areas 


ABWCR specifies the bus width of external memory areas. The bus width of on-chip memory and 
registers is fixed and does not depend on ABWCR settings. 
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6.2.2 Access State Control Register (ASTCR) 


ASTCR is an 8-bit readable/writable register that selects whether each area is accessed in two 
states or three states. 
































Bit 7 6 5 4 3 2 1 0 
AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO 

Initial value 1 1 1 1 1 1 1 1 

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Bits selecting number of states for access to each area 


ASTCR is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 


Bits 7 to O—Area 7 to 0 Access State Control (AST7 to ASTO): These bits select whether the 
corresponding area is accessed in two or three states. 





Bits 7 to0 

AST7 to ASTO _— Description 

0 Areas 7 to 0 are accessed in two states 

1 Areas 7 to 0 are accessed in three states (Initial value) 





ASTCR specifies the number of states in which external areas are accessed. On-chip memory and 
registers are accessed in a fixed number of states that does not depend on ASTCR settings. 
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6.2.3 Wait Control Register (WCR) 


WCR is an 8-bit readable/writable register that selects the wait mode for the wait-state controller 
(WSC) and specifies the number of wait states. 














Bit 7 6 5 4 3 2 1 0 
—-— | -— | — | = | wwst | wms2 | wet | weo 
Initial value 1 1 1 1 0 0 1 1 
Read/Write — — — — R/W R/W R/W R/W 
| 
Reserved bits Wait count 1/0 


These bits select the 
number of wait states 
inserted 


Wait mode select 1/0 
These bits select the wait mode 


WCR is initialized to H'F3 by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 


Bits 7 to 4—Reserved: Read-only bits, always read as 1. 


Bits 3 and 2—Wait Mode Select 1 and 0 (WMS1/0): These bits select the wait mode. 














Bit 3 Bit 2 

WMS1 WMS0O Description 

0 0 Programmable wait mode (Initial value) 
1 No wait states inserted by wait-state controller 

1 0 Pin wait mode 1 
1 Pin auto-wait mode 





112 


Bits 1 and 0O—Wait Count 1 and 0 (WC1/0): These bits select the number of wait states inserted 
in access to external three-state-access areas. 











Bit 1 Bit 0 
Wwc1 Wwco Description 
0 0 No wait states inserted by wait-state controller 
1 1 state inserted 
1 0 2 states inserted 
1 3 states inserted (Initial value) 





6.2.4 Wait State Control Enable Register (WCER) 


WCER is an 8-bit readable/writable register that enables or disables wait-state control of external 
three-state-access areas by the wait-state controller. 








Bit 7 6 5 4 3 2 1 0 
| WCE7 | WCE6 | WCE5 | WCE4 | WCE3 | WCE2 | WCE1 | WCEO | 
Initial value 1 1 1 1 1 1 1 1 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Wait state controller enable 7 to 0 
These bits enable or disable wait-state control 


WCER is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 


Bits 7 to O—Wait-State Control Enable 7 to 0 (WCE7 to WCE0): These bits enable or disable 
wait-state control of external three-state-access areas. 





Bits 7 to0 

WCE7 to WCEO Description 

0 Wait-state control disabled (pin wait mode 0) 

1 Wait-state control enabled (Initial value) 
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6.2.5 Bus Release Control Register (BRCR) 


BRCR is an 8-bit readable/writable register that enables address output on bus lines Ay3 to Ao, 
and enables or disables release of the bus to an external device. 






































Bit 7 6 5 4 3 2 1 0 
A23E A22E A21E — — — — BRLE 
Initial value 1 1 1 1 1 1 1 0 
ae Mode 1, 2,5, 6,7 — i = = - = = RAW 
Write | Mode3,4. R/W R/W R/W — — — — R/W 
Address 23 to 21 enable Reserved bits Bus release enable 
These bits enable PAg to Enables or disables 
PA, to be used for Agg to release of the bus to 
Ao address output an external device 


BRCR is initialized to H'FE by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 


Bit 7—Address 23 Enable (A23E): Enables PA, to be used as the Aj3 address output pin. 
Writing 0 in this bit enables Ay3 address output from PAy. In modes other than 3 and 4 this bit 
cannot be modified and PA, has its ordinary input/output functions. 





Bit 7 

A23E Description 

0 PA, is the As3 address output pin 

1 PA, is the PA,/TP,/TIOCA, input/output pin (Initial value) 





Bit 6-—Address 22 Enable (A22E): Enables PAs to be used as the Aj, address output pin. 
Writing 0 in this bit enables Ay» address output from PAs. In modes other than 3 and 4 this bit 
cannot be modified and PAs has its ordinary input/output functions. 





Bit 6 

A22E Description 

0 PAs is the Aso address output pin 

1 PAs is the PAs/TPs/TIOCB, input/output pin (Initial value) 
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Bit 5—Address 21 Enable (A21E): Enables PAg to be used as the A>, address output pin. 
Writing 0 in this bit enables Ay; address output from PAg¢. In modes other than 3 and 4 this bit 


cannot be modified and PAg has its ordinary input/output functions. 











Bit5 

A21E Description 

0 PAg is the Ao; address output pin 

1 PAg is the PAg/TP¢/TIOCAs input/output pin (Initial value) 
Bits 4 to 1—Reserved: Read-only bits, always read as 1. 

Bit 0 

BRLE Description 

0 The bus cannot be released to an external device; BREQ and BACK (Initial value) 


can be used as input/output pins 





1 The bus can be released to an external device 
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6.3 Operation 


6.3.1 Area Division 


The external address space is divided into areas 0 to 7. Each area has a size of 128 kbytes in the 
1-Mbyte modes, or 2 Mbytes in the 16-Mbyte modes. Figure 6-2 shows a general view of the 


memory map. 





H'00000 


H'1 FFFF 
H'20000 


H'3FFFF 
H'40000 


H'5FFFF 
H'60000 


H'7FFFF 
H'80000 


H'9FFFF 
H'A0000 


H'BFFFF 
H'C0000 


H'DFFFF 
H'E0000 


H'FFFFF 








Area 0 (128 kbytes) 





Area 1 (128 kbytes) 





Area 2 (128 kbytes) 





Area 3 (128 kbytes) 





Area 4 (128 kbytes) 





Area 5 (128 kbytes) 





Area 6 (128 kbytes) 





Area 7 (128 kbytes) 





On-chip RAM*!:*2 





External address space“? 








On-chip registers*1 








a. 1-Mbyte modes 


(modes 1 and 2) 


H'000000 


H'1 FFFFF 
H'200000 


H'3FFFFF 
H'400000 


H'SFFFFF 
H'600000 


H'7FFFFF 
H'800000 


H'9FFFFF 
H'A00000 


H'BFFFFF 
H'C00000 


H'DFFFFF 
H'E00000 


H'FFFFF 





Area 0 (2 Mbytes) 





Area 1 (2 Mbytes) 





Area 2 (2 Mbytes) 





Area 3 (2 Mbytes) 





Area 4 (2 Mbytes) 





Area 5 (2 Mbytes) 





Area 6 (2 Mbytes) 





Area 7 (2 Mbytes) 





On-chip RAM*!)*2 





External address space”? 








On-chip registers *1 








b. 16-Mbyte modes with 


on-chip ROM disabled 
(modes 3 and 4) 


H'00000 


H'1 FFFF 
H'20000 


H'3FFFF 
H'40000 


H'SFFFF 
H'60000 


H'7FFFF 
H'80000 


H'9FFFF 
H'A0000 


H'BFFFF 
H'C0000 


H'DFFFF 
H'E0000 


H'FFFFF 


Figure 6-2 Access Area Map for Modes 1 to 4 
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On-chip ROM *! 





Area 0 (128 kbytes) 





Area 1 (128 kbytes) 





Area 2 (128 kbytes) 





Area 3 (128 kbytes) 





Area 4 (128 kbytes) 





Area 5 (128 kbytes) 





Area 6 (128 kbytes) 





Area 7 (128 kbytes) 





On-chip RAM*!*"2 








On-chip registers*! 





. 1-Mbyte mode with 


on-chip ROM enabled 
(mode 5) 


Notes: 1. The on-chip ROM, on-chip RAM, and on-chip registers have a fixed bus width and are accessed ina 
fixed number of states. 

2. When the RAME bit is cleared to 0 in SYSCR, this area conforms to the specifications of area 7. 

3. This external address area conforms to the specifications of area 7. 








Chip select signals (CSo to CS;3) can be output for areas 0 to 3. The bus specifications for each 
area can be selected in ABWCR, ASTCR, WCER, and WCR as shown in table 6-3. 


Table 6-3 Bus Specifications 






































ABWCR ASTCR WCER WCR Bus Specifications 
Bus Access 
ABWn ASTn WCEn WMS1 WMSO Width’ States Wait Mode 
0 0 — — — 16 2 Disabled 
1 0 = = 16 3 Pin wait mode 0 
1 0 0 16 3 Programmable wait mode 
1 16 3 Disabled 
1 0 16 3 Pin wait mode 1 
1 16 3 Pin auto-wait mode 
1 0 — _ = 8 2 Disabled 
1 0 = = 8 3 Pin wait mode 0 
1 0 0 8 3 Programmable wait mode 
1 8 3 Disabled 
1 0 8 3 Pin wait mode 1 
1 8 3 Pin auto-wait mode 
Note: n=0to7 


WAih 


6.3.2 Chip Select Signals 


For each of areas 0 to 3, the H8/3042 Series can output a chip select signal (CSo to CS3) that goes 
low to indicate when the area is selected. Figure 6-3 shows the output timing of a CS, signal 
(n = 0 to 3). 





Output of the CS,, signal is enabled or disabled in the data direction register (DDR) of the 
corresponding port. A reset leaves pin CSg in the output state and pins CS, to CS3 in the input 
state. To output chip select signals CS, to CS3, the corresponding DDR bits must be set to 1. 
For details see section 9, I/O Ports. 


When the on-chip ROM is accessed, CSo goes low but the AS, RD, HWR, and LWR signals 
remain high. The CS, signals are decoded from the address signals. They can be used as chip 
select signals for SRAM and other devices. 














Ty To T3 
0 fe I I IE, 
Address ye External address in area n x 
bus 
CS, 














Figure 6-3 CS, Output Timing (n = 0 to 3) 
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6.3.3 Data Bus 


The H8/3042 Series allows either 8-bit access or 16-bit access to be designated for each of 
areas 0 to 7. An 8-bit-access area uses the upper data bus (D5 to Dg). A 16-bit-access area uses 
both the upper data bus (D;5 to Dg) and lower data bus (D7 to Dg). 


In read access the RD signal applies without distinction to both the upper and lower data bus. In 
write access the HWR signal applies to the upper data bus, and the LWR signal applies to the 
lower data bus. 


Table 6-4 indicates how the two parts of the data bus are used under different access conditions. 


Table 6-4 Access Conditions and Data Bus Usage 


























Access Read/ Valid Upper Data Bus Lower Data Bus 
Area Size Write Address Strobe (D;5 to Dg) (D7 to Do) 
8-bit-access — Read — RD Valid Invalid 
ae Write — HWR Undetermined data 
16-bit-access Byte Read Even RD Valid Invalid 
sh Odd Invalid Valid 
Write Even HWR Valid Undetermined data 
Odd LWR Undetermined data _ Valid 
Word Read — RD Valid Valid 
Write — HWR, LWR Valid Valid 





Note: Undetermined data means that unpredictable data is output. 
Invalid means that the bus is in the input state and the input is ignored. 
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6.3.4 Bus Control Signal Timing 


8-Bit, Three-State-Access Areas: Figure 6-4 shows the timing of bus control signals for an 8-bit, 
three-state-access area. The upper address bus (D5 to Dg) is used to access these areas. The LWR 
pin is always high. Wait states can be inserted. 

























































































— Bus cycle a 
Ty Tp T3 
@ 
Address bus x External address in area n ne 
CSn | | 
AS 
: : ! : ! 
RD 


Read 
D D, 
access 4 15 to Dg 
































_ D7 toD, Invalid 

é ! | | 

HWR : 7 | 

LWR | High 

Write 4 

access 
Dis to Dg Valid » 
\ D; toD, Undetermined data > 








Note: n = 7 to 0 (but for CS,,, n = 3 to 0) 





Figure 6-4 Bus Control Signal Timing for 8-Bit, Three-State-Access Area 


120 





8-Bit, Two-State-Access Areas: Figure 6-5 shows the timing of bus control signals for an 8-bit, 
two-state-access area. The upper address bus (Dj; to Dg) is used to access these areas. The LWR 
pin is always high. Wait states cannot be inserted. 








'<————— Bus cycle 


qj Tp 
















































































0 a a 
Address bus X External address in area n x 
CSn 
AS 
RD ! 
mead Dig to Dg Valid 
access 
Invalid 
PoP s ! ! ! 
HWR | | | 
LWR | High 
Write i : 
access 
Dis to Dg | Valid 


_ D7 toDg ——_—__{ Undetermined data _— 








Note: n = 7 to 0 (but for CS,,, n = 3 to 0) 





Figure 6-5 Bus Control Signal Timing for 8-Bit, Two-State-Access Area 
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16-Bit, Three-State-Access Areas: Figures 6-6 to 6-8 show the timing of bus control signals for a 
16-bit, three-state-access area. In these areas, the upper address bus (D5 to Dg) is used to access 
even addresses and the lower address bus (D7 to Dg) is used to access odd addresses. Wait states 
can be inserted. 
















































































— Bus cycle > 
Ty Tz T3 
° eG we =e Tie ake Se = I 
Address bus X Even external address in area n X 
CSn | | 
AS 
RD 
BSAC Djs to Dg Valid 
access 
O10, : : : 
HWR | | | 
LWR "High 
Write 4 f 
access 
D,5 to Dg ———___{ Valid \-— 
LD, to Dy Undetermined data 





Note: n = 7 to 0 (but for CS,,, n = 3 to 0) 





Figure 6-6 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (1) 
(Byte Access to Even Address) 
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Note: n = 7 to 0 (but for CS,,, n = 3 to 0) 





Figure 6-7 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (2) 
(Byte Access to Odd Address) 


123 











Bus cycle 
To 


Ty 












































External address in area n 


x 








Address bus 











CSn 

















AS 









































. D7 toDy 





ee ea ue ee wi arte OY, a aw SA oe ee ele Sl Rw SO Be ee OS 
Ss Ss 
ow ow 
> > 
<S 
ow 
> 
ine) oO ino) 
a oO a 
cS fo) oc rc 2 
Q ey NK = = e 
cc a Q I aa a 
N : 
i ae td 
8 g 
go Lo 
28 58 
vom) = 6 





Note: n = 7 to 0 (but for CS,,, n = 3 to 0) 








Figure 6-8 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (3) 


(Word Access) 
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16-Bit, Two-State-Access Areas: Figures 6-9 to 6-11 show the timing of bus control signals for a 
16-bit, two-state-access area. In these areas, the upper address bus (D15 to Dg) is used to access 
even addresses and the lower address bus (D7 to Dg) is used to access odd addresses. Wait states 
cannot be inserted. 








——————— Bus cycle ————_> 


Ty To 











° a) se P24 
Address bus Even external address in area n X 


a 
eT 












































Read D,- to D . 

access 4 Dis toDg vere 

Invalid 

te D, to Dy 

HWR 

LWR "High 

Write 4 

access 
Jo —= i toe, = 

Dj5 to Dg ' Valid 

\ Dy toDy Undetermined data: 








Note: n = 7 to 0 (but for CS,,, n = 3 to 0) 





Figure 6-9 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (1) 
(Byte Access to Even Address) 
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~<—_———— Bus cycle ————_ 


Ty T2 


on (eed ed eee 


Odd external address in area n X 
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LwR | 
Write 4 : 
access 
Dy5 to Dg Undetermined data \—— 
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Note: n = 7 to 0 (but for CS,,, n = 3 to 0) 





Figure 6-10 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (2) 
(Byte Access to Odd Address) 
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Figure 6-11 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (3) 
(Word Access) 
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6.3.5 Wait Modes 


Four wait modes can be selected for each area as shown in table 6-5. 


Table 6-5 Wait Mode Selection 


ASTCR WCER WCR 


ASTn Bit WCEn Bit WMS1 Bit WMS0O Bit WSC Control 


Wait Mode 























0 = _ — Disabled No wait states 
1 0 — — Disabled Pin wait mode 0 
1 0 0 Enabled Programmable wait mode 
Enabled No wait states 
1 0 Enabled Pin wait mode 1 
1 Enabled Pin auto-wait mode 
Note: n=7 to0 


The ASTn and WCEn bits can be set independently for each area. Bits WMS1 and WMSO apply 
to all areas. All areas for which WSC control is enabled operate in the same wait mode. 
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Pin Wait Mode 0: The wait state controller is disabled. Wait states can only be inserted by WAIT 
pin control. During access to an external three-state-access area, if the WAIT pin is low at the fall 
of the system clock (@) in the T> state, a wait state (Ty) is inserted. If the WAIT pin remains low, 
wait states continue to be inserted until the WAIT signal goes high. Figure 6-12 shows the timing. 
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Note: * Arrows indicate time of sampling of the WAIT pin. 





Figure 6-12 Pin Wait Mode 0 
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Pin Wait Mode 1: In all accesses to external three-state-access areas, the number of wait states 
(Tw) selected by bits WC1 and WCO0 are inserted. If the WAIT pin is low at the fall of the system 
clock (@) in the last of these wait states, an additional wait state is inserted. If the WAIT pin 
remains low, wait states continue to be inserted until the WAIT signal goes high. 


Pin wait mode 1| is useful for inserting four or more wait states, or for inserting different numbers 
of wait states for different external devices. 


If the wait count is 0, this mode operates in the same way as pin wait mode 0. 


Figure 6-13 shows the timing when the wait count is 1 (WC1 = 0, WCO = 1) and one additional 
wait state is inserted by WAIT input. 
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Note: * Arrows indicate time of sampling of the WAIT pin. 


Figure 6-13 Pin Wait Mode 1 
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Pin Auto-Wait Mode: If the WAIT pin is low, the number of wait states (Ty) selected by bits 
WCI and WCO are inserted. 


In pin auto-wait mode, if the WAIT pin is low at the fall of the system clock (@) in the T, state, 
the number of wait states (Ty) selected by bits WC1 and WCO0 are inserted. No additional wait 
states are inserted even if the WAIT pin remains low. Pin auto-wait mode can be used for an easy 
interface to low-speed memory, simply by routing the chip select signal to the WAIT pin. 


Figure 6-14 shows the timing when the wait count is 1. 
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Note: * Arrows indicate time of sampling of the WAIT pin. 











Figure 6-14 Pin Auto-Wait Mode 
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Programmable Wait Mode: The number of wait states (Ty) selected by bits WC1 and WCO are 
inserted in all accesses to external three-state-access areas. Figure 6-15 shows the timing when the 
wait count is 1 (WC1 =0, WCO = 1). 
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Figure 6-15 Programmable Wait Mode 
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Example of Wait State Control Settings: A reset initializes ASTCR and WCER to H'FF and 
WCR to H'F3, selecting programmable wait mode and three wait states for all areas. Software can 
select other wait modes for individual areas by modifying the ASTCR, WCER, and WCR settings. 
Figure 6-16 shows an example of wait mode settings. 
























































Area 0 3-state-access area, = 
programmable wait mode 
Kioa4 3-state-access area, = 
programmable wait mode 
3-state-access area, 
Area 2 pin wait mode 0 
3-state-access area, 
Alea’s pin wait mode 0 = 
‘Mead 2-state-access area, a 
ea no wait states inserted 
2-state-access area, 
. . +—_, — 
Area S no wait states inserted 
2-state-access area, 
Area 6 no wait states inserted 
2-state-access area, 
Alef no wait states inserted “| 




















Bit: 7 6 5 4 3 2 1 0 
ASTCR_ H'OF: 0 0 0 0 1 1 1 1 











WCER  H'33: 0 0 1 1 0 0 1 1 








WCR_ HT'F3: 0 0 1 1 



































Note: Wait states cannot be inserted in areas designated for two-state access by ASTCR. 





Figure 6-16 Wait Mode Settings (Example) 
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6.3.6 Interconnections with Memory (Example) 


For each area, the bus controller can select two- or three-state access and an 8- or 16-bit data bus 
width. In three-state-access areas, wait states can be inserted in a variety of modes, simplifying the 
connection of both high-speed and low-speed devices. 


Figure 6-18 shows an example of interconnections between the H8/3042 Series and memory. 
Figure 6-17 shows a memory map for this example. 


A 256-kword x 16-bit EPROM is connected to area 0. This device is accessed in three states via a 
16-bit bus. 


Two 32-kword x 8-bit SRAM devices (SRAMI and SRAM2) are connected to area 1. These 
devices are accessed in two states via a 16-bit bus. 


One 32-kword x 8-bit SRAM (SRAM3) is connected to area 2. This device is accessed via an 
8-bit bus, using three-state access with an additional wait state inserted in pin auto-wait mode. 









































H'000000 
EPROM 
H'OSFFFF f Area 0 
16-bit, three-state-access area 
Not used 
H'1 FFFFF J 
H'200000 
SRAM 1, 2 
H'20FFFF Area | 
H'210000 16-bit, two-state-access area 
Not used 
H'SFFFFF 
H'400000 ) 
SRAM 3 
H'407FFF 
Not used 
Area 2 
H'5FFFFF > 8-bit, three-state-access area 
(one auto-wait state) 
| ere 
La 
Te aoe 
On-chip RAM 
H'FFFFFF On-chip registers 














Figure 6-17 Memory Map (Example) 
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Figure 6-18 Interconnections with Memory (Example) 





6.3.7 Bus Arbiter Operation 


The bus controller has a built-in bus arbiter that arbitrates between different bus masters. There 
are four bus masters: the CPU, DMA controller (DMAC), refresh controller, and an external bus 
master. When a bus master has the bus right it can carry out read, write, or refresh access. Each 
bus master uses a bus request signal to request the bus right. At fixed times the bus arbiter 
determines priority and uses a bus acknowledge signal to grant the bus to a bus master, which can 
then operate using the bus. 


The bus arbiter checks whether the bus request signal from a bus master is active or inactive, and 
returns an acknowledge signal to the bus master if the bus request signal is active. When two or 
more bus masters request the bus, the highest-priority bus master receives an acknowledge signal. 
The bus master that receives an acknowledge signal can continue to use the bus until the 
acknowledge signal is deactivated. 


The bus master priority order is: 
(High) External bus master > refresh controller > DMAC>CPU (Low) 


The bus arbiter samples the bus request signals and determines priority at all times, but it does not 
always grant the bus immediately, even when it receives a bus request from a bus master with 
higher priority than the current bus master. Each bus master has certain times at which it can 
release the bus to a higher-priority bus master. 


CPU: The CPU is the lowest-priority bus master. If the DMAC, refresh controller, or an external 
bus master requests the bus while the CPU has the bus right, the bus arbiter transfers the bus right 
to the bus master that requested it. The bus right is transferred at the following times: 


e The bus right is transferred at the boundary of a bus cycle. If word data is accessed by two 
consecutive byte accesses, however, the bus right is not transferred between the two byte 
aCCeSses. 


e If another bus master requests the bus while the CPU is performing internal operations, such 
as executing a multiply or divide instruction, the bus right is transferred immediately. The 
CPU continues its internal operations. 


e If another bus master requests the bus while the CPU is in sleep mode, the bus right is 
transferred immediately. 
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DMAC: When the DMAC receives an activation request, it requests the bus right from the bus 
arbiter. If the DMAC is bus master and the refresh controller or an external bus master requests 
the bus, the bus arbiter transfers the bus right from the DMAC to the bus master that requested the 
bus. The bus right is transferred at the following times. 


The bus right is transferred when the DMAC finishes transferring 1 byte or 1 word. A DMAC 
transfer cycle consists of a read cycle and a write cycle. The bus right is not transferred between 
the read cycle and the write cycle. 


There is a priority order among the DMAC channels. For details see section 8.4.9, Multiple- 
Channel Operation. 


Refresh Controller: When a refresh cycle is requested, the refresh controller requests the bus 
right from the bus arbiter. When the refresh cycle is completed, the refresh controller releases the 
bus. For details see section 7, Refresh Controller. 


External Bus Master: When the BRLE bit is set to 1 in BRCR, the bus can be released to an 
external bus master. The external bus master has highest priority, and requests the bus right from 
the bus arbiter by driving the BREQ signal low. Once the external bus master gets the bus, it keeps 
the bus right until the BREQ signal goes high. While the bus is released to an external bus master, 
the H8/3042/1/0 holds the address bus and data bus control signals (AS, RD, HWR, and LWR) in 
the high-impedance state, and holds the BACK pin in the low output state. 


The bus arbiter samples the BREQ pin at the rise of the system clock (¢). If BREQ is low, the bus 
is released to the external bus master at the appropriate opportunity. The BREQ signal should be 
held low until the BACK signal goes low. 


When the BREQ pin is high in two consecutive samples, the BACK signal is driven high to end 
the bus-release cycle. 
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Figure 6-19 shows the timing when the bus right is requested by an external bus master during a 
read cycle in a two-state-access area. There is a minimum interval of two states from when the 
BREQ signal goes low until the bus is released. 
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3. BREQ pincontinues to be sampled while bus is released to external bus master. 

4,5 High BREQ signal is sampled twice consecutively. 

6 BREQ signal goes high, ending bus-release cycle. 





Figure 6-19 External-Bus-Released State (Two-State-Access Area, During Read Cycle) 
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6.4 Usage Notes 
6.4.1 Connection to Dynamic RAM and Pseudo-Static RAM 


A different bus control signal timing applies when dynamic RAM or pseudo-static RAM is 
connected to area 3. For details see section 7, Refresh Controller. 


6.4.2 Register Write Timing 


ABWCR, ASTCR, and WCER Write Timing: Data written to ABWCR, ASTCR, or WCER 
takes effect starting from the next bus cycle. Figure 6-20 shows the timing when an instruction 
fetched from area 0 changes area 0 from three-state access to two-state access. 
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Figure 6-20 ASTCR Write Timing 
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DDR Write Timing: Data written to a data direction register (DDR) to change a CS, pin from 
CS,, output to generic input, or vice versa, takes effect starting from the T3 state of the DDR write 
cycle. Figure 6-21 shows the timing when the CS, pin is changed from generic input to CS, 
output. 
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Figure 6-21 DDR Write Timing 


BRCR Write Timing: Data written to switch between Ay3, Ag, or Az; output and generic input 
or output takes effect starting from the T3 state of the BRCR write cycle. Figure 6-22 shows the 
timing when a pin is changed from generic input to Ay3, Ay, or A>, output. 
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Figure 6-22 BRCR Write Timing 
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6.4.3 BREQ Input Timing 


After driving the BREQ pin low, hold it low until BACK goes low. If BREQ returns to the high 
level before BACK goes low, the bus arbiter may operate incorrectly. 


To terminate the external-bus-released state, hold the BREQ signal high for at least three states. 
If BREQ is high for too short an interval, the bus arbiter may operate incorrectly. 
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Section 7 Refresh Controller 


7.1 Overview 


The H8/3042 Series has an on-chip refresh controller that enables direct connection of 16-bit-wide 
DRAM or pseudo-static RAM (PSRAM). 


DRAM or pseudo-static RAM can be directly connected to area 3 of the external address space. 
A maximum 128 kbytes can be connected in modes 1, 2 and 5 (1-Mbyte modes). A maximum 
2 Mbytes can be connected in modes 3 and 4 (16-Mbyte modes). 


Systems that do not need to refresh DRAM or pseudo-static RAM can use the refresh controller as 
an 8-bit interval timer. 


7.1.1 Features 


The refresh controller can be used for one of three functions: DRAM refresh control, pseudo- 
static RAM refresh control, or 8-bit interval timing. Features of the refresh controller are listed 
below. 
Features as a DRAM Refresh Controller 
e — Enables direct connection of 16-bit-wide DRAM 
e Selection of 2CAS or 2WE mode 
¢ Selection of 8-bit or 9-bit column address multiplexing for DRAM address input 
Examples: 


— 1-Mbit DRAM: 8-bit row address x 8-bit column address 
— 4-Mbit DRAM: 9-bit row address x 9-bit column address 
— 4-Mbit DRAM: 10-bit row address x 8-bit column address 


¢ CAS-before-RAS refresh control 

¢  Software-selectable refresh interval 

¢ —Software-selectable self-refresh mode 

¢ Wait states can be inserted 

Features as a Pseudo-Static RAM Refresh Controller 
¢ _RFSH signal output for refresh control 

¢ Software-selectable refresh interval 

¢ Software-selectable self-refresh mode 


e Wait states can be inserted 


143 


Features as an Interval Timer 

¢ — Refresh timer counter (RTCNT) can be used as an 8-bit up-counter 

e Selection of seven counter clock sources: @/2, @/8, 6/32, 6/128, 6/512, 6/2048, 4/4096 

e — Interrupts can be generated by compare match between RTCNT and the refresh time constant 
register (RTCOR) 

7.1.2 Block Diagram 


Figure 7-1 shows a block diagram of the refresh controller. 
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RTCNT: Refresh timer counter 

RTCOR: Refresh time constant register 
RTMCSR: Refresh timer control/status register 
RFSHCR: Refresh control register 








Figure 7-1 Block Diagram of Refresh Controller 
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7.1.3 Input/Output Pins 
Table 7-1 summarizes the refresh controller’s input/output pins. 


Table 7-1 Refresh Controller Pins 


Signal 
Pin Name Abbr. 0) Function 





RFSH_ Refresh RFSH Output Goes low during refresh cycles; used 
to refresh DRAM and PSRAM 





HWR_ Upper write/upper column UW/UCAS Output Connects to the UW pin of 2WE 











address strobe DRAM or UCAS pin of 2CAS DRAM 
LWR __ Lower write/lower column LW/LCAS Output Connects to the LW pin of 2WE DRAM 
address strobe or LCAS pin of 2CAS DRAM 
RD Column address strobe/ CAS/WE Output Connects to the CAS pin of 2WE 
write enable DRAM or WE pin of 2CAS DRAM 
CS, Row address strobe RAS Output Connects to the RAS pin of DRAM 


7.1.4 Register Configuration 
Table 7-2 summarizes the refresh controller’s registers. 


Table 7-2 Refresh Controller Registers 














Address* Name Abbreviation R/W Initial Value 
H'FFAC Refresh control register RFSHCR R/W H'02 
H'FFAD Refresh timer control/status register RTMCSR R/W H'07 
H'FFAE Refresh timer counter RTCNT R/W H'00 
H'FFAF Refresh time constant register RTCOR R/W H'FF 





Note: * Lower 16 bits of the address. 


145 


7.2 Register Descriptions 


7.2.1 Refresh Control Register (RFSHCR) 


RFSHCR is an 8-bit readable/writable register that selects the operating mode of the refresh 



































controller. 

Bit 7 6 5 4 3 2 1 0 
SRFMD |PSRAME| DRAME | CAS/WE| M9/M8 | RFSHE — RCYCE 

Initial value 0 0 0 0 0 0 1 0 

Read/Write R/W R/W R/W R/W R/W R/W = R/W 











Self-refresh mode 
Selects self-refresh mode 


Strobe mode select 











Refresh cycle 
enable 


Enables or 
disables 
insertion of 
refresh cycles 





Reserved bit 


Refresh pin enable 
Enables refresh signal output 
from the refresh pin 


Address multiplex mode select 
Selects the number of column address bits 


Selects 2CAS or 2WE strobing of DRAM 


PSRAM enable and DRAM enable 
These bits enable or disable connection of pseudo-static RAM and DRAM 


RFSHCR is initialized to H'02 by a reset and in hardware standby mode. 
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Bit 7—Self-Refresh Mode (SRFMD): Specifies DRAM or pseudo-static RAM self-refresh 
during software standby mode. When PSRAME = 1 and DRAME = 0, after the SRFMD bit is set 
to 1, pseudo-static RAM can be self-refreshed when the H8/3042/1/0 enters software standby 
mode. When PSRAME = 0 and DRAME = 1, after the SRFMD bit is set to 1, DRAM can be self- 
refreshed when the H8/3042/1/0 enters software standby mode. In either case, the normal access 
state resumes on exit from software standby mode. 








Bit 7 

SRFMD Description 

0 DRAM or PSRAM self-refresh is disabled in software standby mode (Initial value) 
1 DRAM or PSRAM self-refresh is enabled in software standby mode 


Bit 6—PSRAM Enable (PSRAME) and Bit 5—DRAM Enable (DRAME): These bits enable 
or disable connection of pseudo-static RAM and DRAM to area 3 of the external address space. 


When DRAM or pseudo-static RAM is connected, the bus cycle and refresh cycle of area 3 
consist of three states, regardless of the setting in the access state control register (ASTCR). If 
AST3 = 0 in ASTCR, wait states cannot be inserted. 


When the PSRAME or DRAME bit is set to 1, bits 0, 2, 3, and 4 in RFSHCR and registers 
RTMCSR, RTCNT, and RTCOR are write-disabled, except that the CMF flag in RTMCSR can be 
cleared by writing 0. 














Bit 6 Bit 5 

PSRAME DRAME Description 

0 0 Can be used as an interval timer (Initial value) 
1 DRAM can be connected 

1 0 PSRAM can be connected 
1 Illegal setting 
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Bit 4—Strobe Mode Select (CAS/WE): Selects 2CAS or 2WE mode. The setting of this bit is 
valid when PSRAME = 0 and DRAME = 1. This bit is write-disabled when the PSRAME or 
DRAME bit is set to 1. 





Bit 4 

CAS/WE Description 

0 2WE mode (Initial value) 
1 2CAS mode 





Bit 3—Address Multiplex Mode Select (M9/M§8): Selects 8-bit or 9-bit column addressing. 
The setting of this bit is valid when PSRAME = 0 and DRAME = 1. This bit is write-disabled 
when the PSRAME or DRAME bit is set to 1. 








Bit 3 

M9/M8 __— Description 

0 8-bit column address mode (Initial value) 
1 9-bit column address mode 


Bit 2—Refresh Pin Enable (RFSHE): Enables or disables refresh signal output from the 
RFSH pin. This bit is write-disabled when the PPRAME or DRAME bit is set to 1. 





Bit 2 

RFSHE Description 

0 Refresh signal output at the RFSH pin is disabled (Initial value) 
(the RFSH pin can be used as a generic input/output port) 

1 Refresh signal output at the RFSH pin is enabled 





Bit 1—Reserved: Read-only bit, always read as 1. 


Bit 0O—Refresh Cycle Enable (RCYCE): Enables or disables insertion of refresh cycles. 
The setting of this bit is valid when PSRAME = | or DRAME = 1. When PSRAME = 0 and 
DRAME = 0, refresh cycles are not inserted regardless of the setting of this bit. 








Bit 0 

RCYCE Description 

0 Refresh cycles are disabled (Initial value) 
1 Refresh cycles are enabled for area 3 
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7.2.2 Refresh Timer Control/Status Register (RTMCSR) 


RTMCSR is an 8-bit readable/writable register that selects the clock source for RTCNT. It also 
enables or disables interrupt requests when the refresh controller is used as an interval timer. 








Bit 7 6 5 4 3 2 1 0 
_cMF | cme | cxse | cks1 | ckso| — | — | — | 
Initial value 0 0 0 0 0 1 1 1 


Read/Write R/(W)* R/W R/W R/W R/W — = = 


Clock select 2 to 0 Reserved bits 
These bits select an 

internal clock source 

for input to RTCNT 








Compare match interrupt enable 
Enables or disables the CMI interrupt requested by CMF 





Compare match flag 
Status flag indicating that RTCNT has matched RTCOR 


Note: * Only 0 can be written, to clear the flag. 


Bits 7 and 6 are initialized by a reset and in standby mode. Bits 5 to 3 are initialized by a reset and 
in hardware standby mode, but retain their previous values on transition to software standby 
mode. 


Bit 7—Compare Match Flag (CMF): This status flag indicates that the RTCNT and RTCOR 
values have matched. 


Bit 7 
CMF Description 


0 [Clearing condition] 
Cleared by reading CMF when CMF = 1, then writing 0 in CMF 





1 [Setting condition] 
When RTCNT = RTCOR 
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Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disables the CMI interrupt 
requested when the CMF flag is set to 1 in RTMCSR. The CMIE bit is always cleared to 0 when 
PSRAME = 1 or DRAME = 1. 





Bit 6 

CMIE Description 

0 The CMI interrupt requested by CMF is disabled (Initial value) 
1 The CMI interrupt requested by CMF is enabled 





Bits 5 to 3—Clock Select 2 to 0 (CKS2 to CKS0): These bits select an internal clock source for 
input to RTCNT. When used for refresh control, the refresh controller outputs a refresh request at 
periodic intervals determined by compare match between RTCNT and RTCOR. When used as an 
interval timer, the refresh controller generates CMI interrupts at periodic intervals determined by 
compare match. These bits are write-disabled when the PSRAME bit or DRAME bit is set to 1. 


Bit 5 Bit 4 Bit 3 
CKS2  CKS1 CKSO __—i Description 























0 0 0 Clock input is disabled (Initial value) 
1 g/2 clock source 
1 0 @/8 clock source 
1 @/32 clock source 
1 0 0 @/128 clock source 
1 g/512 clock source 
1 0 @/2048 clock source 
1 @/4096 clock source 





Bits 2 to 0O—Reserved: Read-only bits, always read as 1. 
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7.2.3 Refresh Timer Counter (RTCNT) 


RTCNT is an 8-bit readable/writable up-counter. 


Bit 7 6 5 4 3 2 1 0 



































Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 


RTCNT is an up-counter that is incremented by an internal clock selected by bits CKS2 to CKSO 
in RTMCSR. When RTCNT matches RTCOR (compare match), the CMF flag is set to 1 and 
RTCNT is cleared to H'00. 


RTCNT is write-disabled when the PSPRAME bit or DRAME bit is set to 1. RTCNT is initialized 
to H'00 by a reset and in standby mode. 


7.2.4 Refresh Time Constant Register (RTCOR) 


RTCOR is an 8-bit readable/writable register that determines the interval at which RTCNT is 
cleared. 


Bit 7 6 5 4 3 2 1 0 



































Initial value 1 1 1 1 1 1 l 1 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 


RTCOR and RTCNT are constantly compared. When their values match, the CMF flag is set to 1 
in RTMCSR, and RTCNT is simultaneously cleared to H'00. 


RTCOR is write-disabled when the PSRAME bit or DRAME bit is set to 1. RTCOR is initialized 
to H'FF by a reset and in hardware standby mode. In software standby mode it retains its previous 
value. 
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7.3 Operation 
7.3.1 Area Division 


One of three functions can be selected for the H8/3042 Series refresh controller: interfacing to 
DRAM connected to area 3, interfacing to pseudo-static RAM connected to area 3, or interval 
timing. Table 7-3 summarizes the register settings when these three functions are used. 


Table 7-3 Refresh Controller Settings 









































Usage 
Register Settings DRAM Interface PSRAM Interface _ Interval Timer 
RFSHCR SRFMD Selects self-refresh mode Cleared to 0 
PSRAME Cleared to 0 Set to 1 Cleared to 0 
DRAME Set to 1 Cleared to 0 Cleared to 0 
CAS/WE Selects 2CAS or — _ 
2WE mode 
M9/M8 Selects column — — 
addressing mode 
RFSHE Selects RFSH signal output Cleared to 0 
RCYCE Selects insertion of refresh cycles — 
RTCOR Refresh interval setting Interrupt interval setting 
RTMCSR_ CKS2 to CKSO 
CMF Set to 1 when RTCNT = RTCOR 
CMIE Cleared to 0 Enables or disables 
interrupt requests 
P8DDR P8,DDR Set to 1 (CS, output) Set to 0 or 1 
ABWCR- ABWS3 Cleared to 0 = = 





DRAM Interface: To set up area 3 for connection to 16-bit-wide DRAM, initialize RTCOR, 
RTMCSR, and RFSHCR in that order, clearing bit PSRAME to 0 and setting bit DRAME to 1. 
Set bit P8;DDR to | in the port 8 data direction register (P8DDR) to enable CS; output. In 
ABWCR, make area 3 a 16-bit-access area. 


Pseudo-Static RAM Interface: To set up area 3 for connection to pseudo-static RAM, initialize 
RTCOR, RTMCSR, and RFSHCR in that order, setting bit PSRAME to 1 and clearing bit 
DRAME to 0. Set bit P8;DDR to 1 in P8DDR to enable CS3 output. 
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Interval Timer: When PSRAME = 0 and DRAME = 0, the refresh controller operates as an 
interval timer. After setting RTCOR, select an input clock in RTMCSR and set the CMIE bit to 1. 
CMI interrupts will be requested at compare match intervals determined by RTCOR and bits 
CKS2 to CKSO in RTMCSR. 


When setting RTCOR, RTMCSR, and RFSHCR, make sure that PPRAME = 0 and DRAME = 0. 
Writing is disabled when either of these bits is set to 1. 


7.3.2 DRAM Refresh Control 


Refresh Request Interval and Refresh Cycle Execution: The refresh request interval is 
determined by the settings of RTCOR and bits CKS2 to CKSO in RTMCSR. Figure 7-2 illustrates 
the refresh request interval. 





RTCOR 


H'00 


Refresh request 












































Figure 7-2 Refresh Request Interval (RCYCE = 1) 


Refresh requests are generated at regular intervals as shown in figure 7-2, but the refresh cycle is 
not actually executed until the refresh controller gets the bus right. 


Table 7-4 summarizes the relationship among area 3 settings, DRAM read/write cycles, and 
refresh cycles. 
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Table 7-4 Area 3 Settings, DRAM Access Cycles, and Refresh Cycles 





Area 3 Settings Read/Write Cycle by CPU or DMAC_ Refresh Cycle 

2-state-access area * 3 states * 3 states 

(AST3 = 0) ¢ Wait states cannot be inserted ¢ Wait states cannot be inserted 
3-state-access area * 3 states * 3 states 

(AST3 = 1) « Wait states can be inserted « Wait states can be inserted 


To insert refresh cycles, set the RCYCE bit to 1 in RFSHCR. Figure 7-3 shows the state 
transitions for execution of refresh cycles. 


When the first refresh request occurs after exit from the reset state or standby mode, the refresh 
controller does not execute a refresh cycle, but goes into the refresh request pending state. Note 
this point when using a DRAM that requires a refresh cycle for initialization. 


When a refresh request occurs in the refresh request pending state, the refresh controller acquires 
the bus right, then executes a refresh cycle. If another refresh request occurs during execution of 
the refresh cycle, it is ignored. 




















Exit from reset or standby mode 


Refresh request 


End of refresh 


Refresh i 
efresh request pending state eyela® 


Refresh request 


Refresh (— 


request* ‘ 


Requesting bus right 


Bus granted 
Refresh 


request* 7 


Executing refresh cycle 


Note: * A refresh request is ignored if it occurs while the refresh controller is requesting the 
bus right or executing a refresh cycle. 








Figure 7-3 State Transitions for Refresh Cycle Execution 
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Address Multiplexing: Address multiplexing depends on the setting of the M9/MB8 bit in 
RFSHCR, as described in table 7-5. Figure 7-4 shows the address output timing. Address output is 
multiplexed only in area 3. 


Table 7-5 Address Multiplexing 


Address Pins Ao3 to Aig Ag Ag Az Ag As Aq Ag Ap Ay Ag 


Address signals during row Ao3 to Ajo Ag Ag Az Ag As Ag A3 Ao Ay Ao 
address output 


Address signals during M9/M8=0 Aggto Aig Ag Ag Ais Ais Ara Ais Ai2 Ait Ato Ao 
column address output 
M9/M8=1 Az3to Aig Aig Aiz7 Ate Ais Ata Aig Ato Ari Ato Ao 


























































































































~ Ty > To > T3 >| 
@ 
AzgtoAgsAg YX Ang to Ag, Ag M4 
Address 
bus 
A, toA, X  AetoA, Aye to Ag x 
> —= = —= = 
Row address Column address 
a. M9/M8 =0 
~e Ty i To at T3 al 
@ 
“ss 
Agg to Aig, Ag x A2gto Aig, Ao X 
Address 
bus 
Ag to A, vA Ag to A; Da Aig to Ayo X 
—t = ~at = 
Row address Column address 
b. M9/M8 = 1 








Figure 7-4 Multiplexed Address Output (Example without Wait States) 
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2CAS and 2WE Modes: The CAS/WE bit in RFSHCR can select two control modes for 16-bit- 
wide DRAM: one using UCAS and LCAS; the other using UW and LW. These DRAM pins 
correspond to H8/3042/1/0 pins as shown in table 7-6. 


Table 7-6 DRAM Pins and H8/3003 Pins 














DRAM Pin 
H8/3042/1/0 Pin CAS/WE = 0 (2WE mode) CAS/WE = 1 (2CAS mode) 
HWR UW UCAS 

LWR LW LCAS 

RD CAS WE 

CS3 RAS RAS 





Figure 7-5 (1) shows the interface timing for 2WE DRAM. Figure 7-5 (2) shows the interface 
timing for 2CAS DRAM. 
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Note: * 16-bit access 








Figure 7-5 DRAM Control Signal Output Timing (1) (2WE Mode) 
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Read cycle Write cycle* Refresh cycle 
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Note: * 16-bit access 











Figure 7-5 DRAM Control Signal Output Timing (2) (2CAS Mode) 
Refresh Cycle Priority Order: When there are simultaneous bus requests, the priority order is: 
(High) External bus master > refresh controller > DMA controller >CPU (Low) 
For details see section 6.3.7, Bus Arbiter Operation. 


Wait State Insertion: When bit AST3 is set to 1 in ASTCR, bus controller settings can cause 
wait states to be inserted into bus cycles and refresh cycles. For details see section 6.3.5, Wait 
Modes. 
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Self-Refresh Mode: Some DRAM devices have a self-refresh function. After the SRFMD bit is 
set to 1 in RFSHCR, when a transition to software standby mode occurs, the CAS and RAS 
outputs go low in that order so that the DRAM self-refresh function can be used. On exit from 
software standby mode, the CAS and RAS outputs both go high. 


Table 7-7 shows the pin states in software standby mode. Figure 7-6 shows the signal output 


timing. 


Table 7-7 Pin States in Software Standby Mode (1) (PSRAME = 0, DRAME = 1) 


Software Standby Mode 

















SRFMD = 0 SRFMD = 1 (self-refresh mode) 
Signal CAS/WE = 0 CAS/WE = 1 CAS/WE =0 CAS/WE = 1 
HWR High-impedance High-impedance High Low 
LWR High-impedance High-impedance High Low 
RD High-impedance High-impedance Low High 
CS3 High High Low Low 
RFSH High High Low Low 
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b. 2 CAS mode (SRFMD = 1) 








Figure 7-6 Signal Output Timing in Self-Refresh Mode (PSRAME = 0, DRAME = 1) 
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Operation in Power-Down State: The refresh controller operates in sleep mode. It does not 
operate in hardware standby mode. In software standby mode RTCNT is initialized, but RFSHCR, 
RTMCSR bits 5 to 3, and RTCOR retain their settings prior to the transition to software standby 
mode. 


Example 1: Connection to 2WE 1-Mbit DRAM (1-Mbyte Mode): Figure 7-7 shows typical 
interconnections to a 2WE 1-Mbit DRAM, and the corresponding address map. Figure 7-8 shows 
a setup procedure to be followed by a program for this example. After power-up the DRAM must 
be refreshed to initialize its internal state. Initialization takes a certain length of time, which can 
be measured by using an interrupt from another timer module, or by counting the number of times 
RTMCSR bit 7 (CMF) is set. Note that no refresh cycle is executed for the first refresh request 
after exit from the reset state or standby mode (the first time the CMF flag is set; see figure 7-3). 
When using this example, check the DRAM device characteristics carefully and use a procedure 
that fits them. 





2 WE 1-Mbit DRAM with 
x 16-bit organization 










































































H8/3042/1/0 
8 Az 
Az Ag 
Ag As 
As A4 
Ag As 
A3 Az 
Ao Ay 
Ay Ao 
CS3 : RAS 
RD , CAS 
HWR UW 
LWR LW 
OE 
Dy5 to Do 1/045 to 1/09 
a. Interconnections (example) 
H'60000 
DRAM area Area 3 (1-Mbyte mode) 
H'7FFFF 











b. Address map 





Figure 7-7 Interconnections and Address Map for 2WE 1-Mbit DRAM (Example) 
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Set area 3 for 16-bit access 











Set P8; DDR to 1 for CS3 output 











Set RTCOR 











Set bits CKS2 to CKSO in RTMCSR 








Write H'23 in RFSHCR 








Wait for DRAM to be initialized 














Y 
DRAM can be accessed 








Figure 7-8 Setup Procedure for 2WE 1-Mbit DRAM (1-Mbyte Mode) 
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Example 2: Connection to 2WE 4-Mbit DRAM (16-Mbyte Mode): Figure 7-9 shows typical 
interconnections to a single 2WE 4-Mbit DRAM, and the corresponding address map. Figure 7-10 
shows a setup procedure to be followed by a program for this example. 


The DRAM in this example has 10-bit row addresses and 8-bit column addresses. Its address area 
is H'600000 to H'67FFFF. 





































































































2 WE 4-Mbit DRAM with 10-bit 
row address, 8-bit column address, 
and x 16-bit organization 
H8/3042/1/0 
18 Ag 
Ai7 Ag 
Ag Az 
Az Ag 
Ag As 
As Ag 
Ag A3 
A3 Ap 
Ao Ay 
CS3 2 RAS 
RD if CAS 
HWR UW 
LWR LW 
OE 
Dis to Dy /O45 to Og 
a. Interconnections (example) 
H'600000 A 
DRAM area 
H'67FFFF 
H'680000 
Area 3 (16-Mbyte mode) 
Not used 
H'7FFFFF y 
b. Address map 








Figure 7-9 Interconnections and Address Map for 2WE 4-Mbit DRAM (Example) 
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Set area 3 for 16-bit access 











Set P8; DDR to 1 for CS3 output 











Set RTCOR 











Set bits CKS2 to CKSO in RTMCSR 








Write H'23 in RFSHCR 








Wait for DRAM to be initialized 














i] 
DRAM can be accessed 





Figure 7-10 Setup Procedure for 2WE 4-Mbit DRAM with 10-Bit Row Address and 
8-Bit Column Address (16-Mbyte Mode) 
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Example 3: Connection to 2CAS 4-Mbit DRAM (16-Mbyte Mode): Figure 7-11 shows typical 
interconnections to a single 2CAS 4-Mbit DRAM, and the corresponding address map. 
Figure 7-12 shows a setup procedure to be followed by a program for this example. 


The DRAM in this example has 9-bit row addresses and 9-bit column addresses. Its address area 
is H'600000 to H'67FFFF. 





2 CAS 4-Mbit DRAM with 9-bit 
row address, 9-bit column address, 
and x 16-bit organization 
























































H8/3042/1/0 Ag As 
Ags Az 
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CS3 : t RAS 
HWR UCAS 
LWR LCAS 
RD WE 
OE 
D,5 to Do 1/045 to 1/09 























a. Interconnections (example) 











H'600000 A 
DRAM area 
H'67FFFF 
H'680000 
Not used Area 3 (16-Mbyte mode) 
H'7FFFFF 1 











b. Address map 








Figure 7-11 Interconnections and Address Map for 2CAS 4-Mbit DRAM (Example) 
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Set area 3 for 16-bit access 











Set P8; DDR to 1 for CS3 output 











Set RTCOR 











Set bits CKS2 to CKSO in RTMCSR 








Write H'3B in RFSHCR 








Wait for DRAM 





to be initialized 








y 


DRAM can be accessed 





Figure 7-12 Setup Procedure for 2CAS 4-Mbit DRAM with 9-Bit Row Address and 
9-Bit Column Address (16-Mbyte Mode) 
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Example 4: Connection to Two 4-Mbit DRAM Chips (16-Mbyte Mode): Figure 7-13 shows 
an example of interconnections to two 2CAS 4-Mbit DRAM chips, and the corresponding address 
map. Up to four DRAM chips can be connected to area 3 by decoding upper address bits Ajo 

and Ang. 


Figure 7-14 shows a setup procedure to be followed by a program for this example. The DRAM 
in this example has 9-bit row addresses and 9-bit column addresses. Both chips must be refreshed 
simultaneously, so the RFSH pin must be used. 





2 CAS 4-Mbit DRAM with 9-bit 
row address, 9-bit column 
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H'700000 Area 3 (16-Mbyte mode) 
Not used 

H'7FFFFF Y 











b. Address map 








Figure 7-13 Interconnections and Address Map for Multiple 2CAS 4-Mbit DRAM Chips 
(Example) 
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Set area 3 for 16-bit access 











Set P8, DDR to 


Set RTCOR 


1 for CS3 output 














Set bits CKS2 to CKSO in RTMCSR 














Write H'3F in RFSHCR 


er See 


Wait for DRAM to be initialized 








| 


DRAM can be accessed 





Figure 7-14 Setup Procedure for Multiple 2CAS 4-Mbit DRAM Chips with 9-Bit 
Row Address and 9-Bit Column Address (16-Mbyte Mode) 
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7.3.3 Pseudo-Static RAM Refresh Control 


Refresh Request Interval and Refresh Cycle Execution: The refresh request interval is 
determined as in a DRAM interface, by the settings of RTCOR and bits CKS2 to CKSO in 
RTMCSR. The numbers of states required for pseudo-static RAM read/write cycles and refresh 
cycles are the same as for DRAM (see table 7-4). The state transitions are as shown in figure 7-3. 


Pseudo-Static RAM Control Signals: Figure 7-15 shows the control signals for pseudo-static 
RAM read, write, and refresh cycles. 
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Note: * 16-bit access 





Figure 7-15 Pseudo-Static RAM Control Signal Output Timing 
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Refresh Cycle Priority Order: When there are simultaneous bus requests, the priority order is: 
(High) — External bus master > refresh controller > DMA controller >CPU (Low) 
For details see section 6.3.7, Bus Arbiter Operation. 


Wait State Insertion: When bit AST3 is set to 1 in ASTCR, the wait state controller (WSC) can 
insert wait states into bus cycles and refresh cycles. For details see section 6.3.5, Wait Modes. 


Self-Refresh Mode: Some pseudo-static RAM devices have a self-refresh function. After the 
SRFMD bit is set to 1 in RFSHCR, when a transition to software standby mode occurs, the 
H8/3042/1/0’s CS3 output goes high and its RFSH output goes low so that the pseudo-static RAM 
self-refresh function can be used. On exit from software standby mode, the RFSH output goes 
high. 


Table 7-8 shows the pin states in software standby mode. Figure 7-16 shows the signal output 
timing. 


Table 7-8 Pin States in Software Standby Mode (2) (PSRAME = 1, DRAME = 0) 


Software Standby Mode 

















Signal SRFMD =0 SRFMD = 1 (self-refresh mode) 
CS3 High High 

RD High-impedance High-impedance 

HWR High-impedance High-impedance 

LWR High-impedance High-impedance 

RFSH High Low 
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Figure 7-16 Signal Output Timing in Self-Refresh Mode (PSRAME = 1, DRAME = 0) 


Operation in Power-Down State: The refresh controller operates in sleep mode. It does not 
operate in hardware standby mode. In software standby mode RTCNT is initialized, but RFSHCR, 
RTMCSR bits 5 to 3, and RTCOR retain their settings prior to the transition to software standby 
mode. 
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Example: Pseudo-static RAM may have separate OE and RFSH pins, or these may be combined 
into a single OE/RFSH pin. Figure 7-17 shows an example of a circuit for generating an 
OE/RFSH signal. Check the device characteristics carefully, and design a circuit that fits them. 
Figure 7-18 shows a setup procedure to be followed by a program. 











H8/3042/1/0 PSRAM 





RD 


= =) : OE/ RFSH 








RFSH 


























Figure 7-17 Interconnection to Pseudo-Static RAM with OE/RFSH Signal (Example) 
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Set P8, DDR to 1 for CS3 output 








Set RTCOR 











Set bits CKS2 to CKSO in RTMCSR 











Write H'47 in RFSHCR 








Wait for PSRAM to be initialized 














’ 
PSRAM can be accessed 








Figure 7-18 Setup Procedure for Pseudo-Static RAM 
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7.3.4 Interval Timing 


To use the refresh controller as an interval timer, clear the PSRAME and DRAME both to 0. After 
setting RTCOR, select a clock source with bits CKS2 to CKSO in RTMCSR, and set the CMIE bit 
to l. 


Timing of Setting of Compare Match Flag and Clearing by Compare Match: The CMF flag 
in RTCSR is set to 1 by a compare match signal output when the RTCOR and RTCNT values 
match. The compare match signal is generated in the last state in which the values match (when 
RTCNT is updated from the matching value to a new value). Accordingly, when RTCNT and 
RTCOR match, the compare match signal is not generated until the next counter clock pulse. 
Figure 7-19 shows the timing. 
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Figure 7-19 Timing of Setting of CMF Flag 


Operation in Power-Down State: The interval timer function operates in sleep mode. It does not 
operate in hardware standby mode. In software standby mode RTCNT and RTMCSR bits 7 and 6 
are initialized, but RTMCSR bits 5 to 3 and RTCOR retain their settings prior to the transition to 
software standby mode. 
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Contention between RTCNT Write and Counter Clear: If a counter clear signal occurs in the 
T3 state of an RTCNT write cycle, clearing of the counter takes priority and the write is not 
performed. See figure 7-20. 




































































RTCNT write cycle by CPU 
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Figure 7-20 Contention between RTCNT Write and Clear 


174 


Contention between RTCNT Write and Increment: If an increment pulse occurs in the T3 state 
of an RTCNT write cycle, writing takes priority and RTCNT is not incremented. See figure 7-21. 
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Figure 7-21 Contention between RTCNT Write and Increment 
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Contention between RTCOR Write and Compare Match: If a compare match occurs in the T3 
state of an RTCOR write cycle, writing takes priority and the compare match signal is inhibited. 
See figure 7-22. 
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Figure 7-22 Contention between RTCOR Write and Compare Match 


RTCNT Operation at Internal Clock Source Switchover: Switching internal clock sources may 
cause RTCNT to increment, depending on the switchover timing. Table 7-9 shows the relation 
between the time of the switchover (by writing to bits CKS2 to CKSO) and the operation of 
RTCNT. 


The RTCNT input clock is generated from the internal clock source by detecting the falling edge 
of the internal clock. If a switchover is made from a high clock source to a low clock source, as in 
case No. 3 in table 7-9, the switchover will be regarded as a falling edge, an RTCNT clock pulse 
will be generated, and RTCNT will be incremented. 
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Table 7-9 Internal Clock Switchover and RTCNT Operation 


CKS2 to CKSO 
No. Write Timing RTCNT Operation 





1 Low —> low switchover*! 











Old clock 
source 























New clock 
source 








ta ‘ 
a; 








RTCNT 
clock 




















RTCNT NX) N+ \ 





CKS bits rewritten 





2 Low — high switchover*2 











Old clock 
source 




















a 
ae 





New clock 
source 














RTCNT 
clock 


























RTCNT NX Nei Xi Neo X 





CKS bits rewritten 
Notes: 1. Including switchovers from a low clock source to the halted state, and from the halted 


state to a low clock source. 
2. Including switchover from the halted state to a high clock source. 
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Table 7-9 Internal Clock Switchover and RTCNT Operation (cont) 


CKS2 to CKSO 


No. Write Timing 


RTCNT Operation 





3 High — low switchover"! 











Old clock 
source 











— 











New clock 
source 








RTCNT 
clock 














AN 


KoNed eo Nae X 


CKS bits rewritten 





RTCNT N 








4 High — high switchover 











Old clock 
source 




















New clock 
source 





Pee 











RTCNT 
clock 


























RTCNT N X N+ 





N+2 


CKS bits rewritten 


Notes: 1. Including switchover from a high clock source to the halted state. 
2. The switchover is regarded as a falling edge, causing RTCNT to increment. 
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7.4 Interrupt Source 


Compare match interrupts (CMI) can be generated when the refresh controller is used as an 
interval timer. Compare match interrupt requests are masked/unmasked with the CMIE bit of 
RTMCSR. 


7.5 Usage Notes 
When using the DRAM or pseudo-static RAM refresh function, note the following points: 


¢ — Refresh cycles are not executed while the bus is released, during software standby mode, and 
when a bus cycle is greatly prolonged by insertion of wait states. When these conditions 
occur, other means of refreshing are required. 


e Ifrefresh requests occur while the bus is released, the first request is held and one refresh 
cycle is executed after the bus-released state ends. Figure 7-23 shows the bus cycles in this 
case. 
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Figure 7-23 Refresh Cycles when Bus is Released 
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If a bus cycle is prolonged by insertion of wait states, the first refresh request is held, as in the 
bus-released state. 


If contention occurs between a transition to software standby mode and a bus request from an 
external bus master, the bus may be released for one state just before the transition to 
software standby mode (see figure 7-24). When using software standby mode, clear the 
BRLE bit to 0 in BRCR before executing the SLEEP instruction. 


If similar contention occurs in a transition to self-refresh mode, strobe waveforms may not be 
output correctly. This can also be prevented by clearing the BRLE bit to 0 in BRCR. 
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Figure 7-24 Contention between Bus-Released State and Software Standby Mode 
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Section 8 DMA Controller 


8.1 Overview 


The H8/3042 Series has an on-chip DMA controller (DMAC) that can transfer data on up to four 
channels. 


8.1.1 Features 


DMAC features are listed below. 


Selection of short address mode or full address mode 
Short address mode 


— 8-bit source address and 24-bit destination address, or vice versa 
— Maximum four channels available 
— Selection of I/O mode, idle mode, or repeat mode 


Full address mode 


— 24-bit source and destination addresses 
— Maximum two channels available 
— Selection of normal mode or block transfer mode 


Directly addressable 16-Mbyte address space 
Selection of byte or word transfer 


Activation by internal interrupts, external requests, or auto-request (depending on transfer 
mode) 


— 16-bit integrated timer unit (TU) compare match/input capture interrupts (four) 

— Serial communication interface (SCI) transmit-data-empty/receive-data-full interrupts 
— External requests 

— Auto-request 
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8.1.2 Block Diagram 


Figure 8-1 shows a DMAC block diagram. 
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DTCR: Data transfer control register 
MAR: Memory address register 


IOAR: I/O address register 


ETCR: Execute transfer count register 


Module data bus 





Figure 8-1 Block Diagram of DMAC 
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8.1.3 Functional Overview 


Table 8-1 gives an overview of the DMAC functions. 


Table 8-1 DMAC Functional Overview 


Transfer Mode 


Short I/O mode 
address ¢ Transfers one byte or one word 
mode per request 
¢ Increments or decrements the 
memory address by 1 or 2 
« Executes 1 to 65,536 transfers 
Idle mode 
¢ Transfers one byte or one word 
per request 
¢ Holds the memory address fixed 
« Executes 1 to 65,536 transfers 
Repeat mode 
¢ Transfers one byte or one word 
per request 
¢ Increments or decrements the 
memory address by 1 or 2 
« Executes a specified number (1 to 
256) of transfers, then returns to 
the initial state and continues 


Activation 
* Compare match/input 24 


Address 


Reg. Length 


capture A interrupts 
from ITU channels 
0to3 
Transmit-data-empty 
interrupt from SCI 


Destina- 


Source tion 


8 





Receive-data-full 8 
interrupt from SCI 


24 





« External request 24 





Full Normal mode 
address « Auto-request 
mode —Retains the transfer request 
internally 
—Executes a specified number 
(1 to 65,536) of transfers 
continuously 
—Selection of burst mode or 
cycle-steal mode 
¢ External request 
—Transfers one byte or one word 
per request 
—Executes 1 to 65,536 transfers 


« Auto-request 24 
« External request 


24 





Block transfer 

¢ Transfers one block of a specified 
size per request 

« Executes 1 to 65,536 transfers 

¢ Allows either the source or 
destination to be a fixed block 
area 

¢ Block size can be 1 to 256 bytes 
or words 


Compare match/ 24 
input capture A 
interrupts from ITU 
channels 0 to 3 


« External request 


24 
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8.1.4 Input/Output Pins 


Table 8-2 lists the DMAC pins. 


Table 8-2.) DMAC Pins 

















Abbrevia- Input/ 
Channel Name tion Output Function 
0 DMA request 0 DREQ) Input External request for DMAC channel 0 
Transfer end 0 TENDo Output = Transfer end on DMAC channel 0 
1 DMA request 1 DREQ, Input External request for DMAC channel 1 
Transfer end 1 TEND, Output Transfer end on DMAC channel 1 


Note: External requests cannot be made to channel A in short address mode. 


8.1.5 Register Configuration 


Table 8-3 lists the DMAC registers. 
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Table 8-3 DMAC Registers 


































































































Channel Address* Name Abbreviation R/W Initial Value 

0 H'FF20 Memory address register OAR MAROAR R/W Undetermined 
H'FF21 Memory address register OAE MAROAE R/W Undetermined 
H'FF22 Memory address register OAH MAROAH R/W Undetermined 
H'FF23 Memory address register OAL MAROAL R/W Undetermined 
H'FF26 I/O address register 0A IOAROA R/W Undetermined 
H'FF24 Execute transfer count register OAH ETCROAH R/W Undetermined 
H'FF25 Execute transfer count register OAL ETCROAL R/W Undetermined 
H'FF27 Data transfer control register 0A DTCROA R/W H'00 
H'FF28 Memory address register OBR MAROBR R/W Undetermined 
H'FF29 Memory address register OBE MAROBE R/W Undetermined 
H'FF2A Memory address register OBH MAROBH R/W Undetermined 
H'FF2B Memory address register OBL MAROBL R/W Undetermined 
H'FF2E I/O address register 0B IOAROB R/W Undetermined 
H'FF2C Execute transfer count register OBH ETCROBH R/W Undetermined 
H'FF2D Execute transfer count register OBL ETCROBL R/W Undetermined 
H'FF2F Data transfer control register OB DTCROB R/W H'00 

1 H'FF30 Memory address register 1AR MAR1AR R/W Undetermined 
H'FF31 Memory address register 1AE MAR1AE R/W Undetermined 
H'FF32 Memory address register 1AH MAR1AH R/W Undetermined 
H'FF33 Memory address register 1AL MAR1AL R/W Undetermined 
H'FF36 I/O address register 1A IOAR1A R/W Undetermined 
H'FF34 Execute transfer count register 1AH ETCR1AH R/W Undetermined 
H'FF35 Execute transfer count register 1AL ETCR1AL R/W Undetermined 
H'FF37 Data transfer control register 1A DTCRIA R/W H'00 
H'FF38 Memory address register 1BR MAR1BR R/W Undetermined 
H'FF39 Memory address register 1BE MAR1BE R/W Undetermined 
H'FF3A Memory address register 1BH MAR1BH R/W Undetermined 
H'FF3B Memory address register 1BL MAR1BL R/W Undetermined 
H'FF3E I/O address register 1B IOAR1B R/W Undetermined 
H'FF3C Execute transfer count register 1BH ETCR1BH R/W Undetermined 
H'FF3D Execute transfer count register 1BL ETCR1BL R/W Undetermined 
H'FF3F Data transfer control register 1B DTCR1B R/W H'00 


Note: * The lower 16 bits of the address are indicated. 
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8.2 Register Descriptions (1) (Short Address Mode) 


In short address mode, transfers can be carried out independently on channels A and B. Short 
address mode is selected by bits DTS2A and DTS1A in data transfer control register A (DTCRA) 
as indicated in table 8-4. 


Table 8-4 Selection of Short and Full Address Modes 


Bit 2 Bit 1 
Channel DTS2A DTS1A_ Description 
0 1 1 DMAC channel 0 operates as one channel in full address mode 





Other than above DMAC channels OA and OB operate as two independent channels 
in short address mode 





1 1 1 DMAC channel 1 operates as one channel in full address mode 





Other than above DMAC channels 1A and 1B operate as two independent channels 
in short address mode 





8.2.1 Memory Address Registers (MAR) 


A memory address register (MAR) is a 32-bit readable/writable register that specifies a source or 
destination address. The transfer direction is determined automatically from the activation source. 


An MAR consists of four 8-bit registers designated MARR, MARE, MARH, and MARL. All bits 
of MARR are reserved: they cannot be modified and always read 1. 

















































































































Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 43 2 1 0 
Initialvalue 1 41 4 41 47 4 «4 «4 Undetermined 
Read/Write R/WR/WR/WRIWR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WRIWR/W 
ae 
MARR MARE MARH MARL 





Source or destination address 


An MAR functions as a source or destination address register depending on how the DMAC is 
activated: as a destination address register if activation is by a receive-data-full interrupt from the 
serial communication interface (SCI), and as a source address register otherwise. 


The MAR value is incremented or decremented each time one byte or word is transferred, 
automatically updating the source or destination memory address. For details, see section 8.2.4, 
Data Transfer Control Registers (DTCR). 


The MARs are not initialized by a reset or in standby mode. 
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8.2.2 I/O Address Registers (IOAR) 
An I/O address register (IOAR) is an 8-bit readable/writable register that specifies a source or 


destination address. The IOAR value is the lower 8 bits of the address. The upper 16 address bits 
are all 1 (H'FFFF). 


Bit 7 6 5 4 3 2 1 0 
































Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Source or destination address 


An IOAR functions as a source or destination address register depending on how the DMAC is 
activated: as a source address register if activation is by a receive-data-full interrupt from the SCI, 
and as a destination address register otherwise. 


The IOAR value is held fixed. It is not incremented or decremented when a transfer is executed. 
The IOARs are not initialized by a reset or in standby mode. 
8.2.3 Execute Transfer Count Registers (ETCR) 


An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifies the 
number of transfers to be executed. These registers function in one way in I/O mode and idle 
mode, and another way in repeat mode. 


e J/O mode and idle mode 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 
























































Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W 








Transfer counter 


In I/O mode and idle mode, ETCR functions as a 16-bit counter. The count is decremented by 
1 each time one transfer is executed. The transfer ends when the count reaches H'0000. 
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¢ Repeat mode 


Bit 7 6 5 4 3 2 1 0 



































Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 





ETCRH 





Transfer counter 


Bit 7 6 5 4 3 2 1 0 



































Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 





ETCRL 





Initial count 


In repeat mode, ETCRH functions as an 8-bit transfer counter and ETCRL holds the initial 
transfer count. ETCRH is decremented by | each time one transfer is executed. When ETCRH 
reaches H'00, the value in ETCRL is reloaded into ETCRH and the same operation is repeated. 


The ETCRs are not initialized by a reset or in standby mode. 
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8.2.4 Data Transfer Control Registers (DTCR) 


A data transfer control register (DTCR) is an 8-bit readable/writable register that controls the 
operation of one DMAC channel. 






































Bit 7 6 5 4 3 2 1 0 
DTE DTSZ DTID RPE DTIE DTS2 DTS1 DTSO 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Data transfer enable Data transfer select 
Enables or disables These bits select the data 
data transfer transfer activation source 
Data transfer size Data transfer interrupt enable 
Selects byte or Enables or disables the CPU interrupt 
word size at the end of the transfer 





Data transfer 
increment/decrement 
Selects whether to 
increment or decrement 
the memory address 
register 





Repeat enable 
Selects repeat 
mode 


The DTCRs are initialized to H'00 by a reset and in standby mode. 


Bit 7—Data Transfer Enable (DTE): Enables or disables data transfer on a channel. When the 
DTE bit is set to 1, the channel waits for a transfer to be requested, and executes the transfer when 
activated as specified by bits DTS2 to DTSO. When DTE is 0, the channel is disabled and does not 
accept transfer requests. DTE is set to 1 by reading the register when DTE is 0, then writing 1. 

Bit 7 

DTE Description 


0 Data transfer is disabled. In I/O mode or idle mode, DTE is cleared to 0 (Initial value) 
when the specified number of transfers have been completed. 





1 Data transfer is enabled 


If DTIE is set to 1, a CPU interrupt is requested when DTE is cleared to 0. 
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Bit 6—Data Transfer Size (DTSZ): Selects the data size of each transfer. 








Bit 6 

DTSZ Description 

0 Byte-size transfer (Initial value) 
1 Word-size transfer 


Bit 5—Data Transfer Increment/Decrement (DTID): Selects whether to increment or 
decrement the memory address register (MAR) after a data transfer in I/O mode or repeat mode. 


Bit 5 
DTID Description 
0 MAR is incremented after each data transfer (Initial value) 


* If DTSZ = 0, MAR is incremented by 1 after each transfer 
* If DTSZ = 1, MAR is incremented by 2 after each transfer 





1 MAR is decremented after each data transfer 


* If DTSZ = 0, MAR is decremented by 1 after each transfer 
* If DTSZ = 1, MAR is decremented by 2 after each transfer 





MAR is not incremented or decremented in idle mode. 


Bit 4—Repeat Enable (RPE): Selects whether to transfer data in I/O mode, idle mode, or repeat 
mode. 











Bit 4 Bit 3 

RPE DTIE Description 

0 0 I/O mode (Initial value) 
oe 

1 0 Repeat mode 
1 Idle mode 


Operations in these modes are described in sections 8.4.2, I/O Mode, 8.4.3, Idle Mode, and 8.4.4, 
Repeat Mode. 
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Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disables the CPU interrupt (DEND) 
requested when the DTE bit is cleared to 0. 





Bit 3 

DTIE Description 

0 The DEND interrupt requested by DTE is disabled (Initial value) 
1 The DEND interrupt requested by DTE is enabled 


Bits 2 to 0O—Data Transfer Select (DTS2, DTS1, DTSO): These bits select the data transfer 
activation source. Some of the selectable sources differ between channels A and B. 


Channel A 


Bit 2 Bit 1 Bit 0 
DTS2A DTS1A DTSOA _ Description 




















0 0 0 Compare match/input capture A interrupt from ITU (Initial value) 
channel 0 
1 Compare match/input capture A interrupt from ITU channel 1 
1 0 Compare match/input capture A interrupt from ITU channel 2 
1 Compare match/input capture A interrupt from ITU channel 3 
1 0 0 Transmit-data-empty interrupt from SCI channel 0 
1 Receive-data-full interrupt from SCI channel 0 
1 —* Transfer in full address mode 





Note: * See section 8.3.4, Data Transfer Control Register (DTCR). 
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Channel B 


Bit 2 Bit 1 Bit 0 
DTS2B DTSiB DTSOB _ Description 


























0 0 0 Compare match/input capture A interrupt from ITU (Initial value) 
channel 0 
1 Compare maitch/input capture A interrupt from ITU channel 1 
1 0 Compare match/input capture A interrupt from ITU channel 2 
1 Compare match/input capture A interrupt from ITU channel 3 
1 0 0 Transmit-data-empty interrupt from SCI channel 0 
1 Receive-data-full interrupt from SCI channel 0 
1 0 Falling edge of DREQ input 
1 Low level of DREQ input 


The same internal interrupt can be selected as an activation source for two or more channels at 
once. In that case the channels are activated in a priority order, highest-priority channel first. For 
the priority order, see section 8.4.9, Multiple-Channel Operation. 


When a channel is enabled (DTE = 1), its selected DMAC activation source cannot generate a 
CPU interrupt. 
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8.3 Register Descriptions (2) (Full Address Mode) 


In full address mode the A and B channels operate together. Full address mode is selected as 
indicated in table 8-4. 


8.3.1 Memory Address Registers (MAR) 


A memory address register (MAR) is a 32-bit readable/writable register. MARA functions as the 
source address register of the transfer, and MARB as the destination address register. 


An MAR consists of four 8-bit registers designated MARR, MARE, MARH, and MARL. All bits 
of MARR are reserved: they cannot be modified and always read 1. 














































































































Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 43 21 0 
Initialvalue 1 1414 4 4 974 «1 «4 Undetermined 
Read/Write R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/W 
Ne = JX =o JD — ie ee / 
MARR MARE MARH MARL 





Source or destination address 


The MAR value is incremented or decremented each time one byte or word is transferred, 
automatically updating the source or destination memory address. For details, see section 8.3.4, 
Data Transfer Control Registers (DTCR). 


The MARs are not initialized by a reset or in standby mode. 
8.3.2 I/O Address Registers (IOAR) 


The I/O address registers (IOARs) are not used in full address mode. 
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8.3.3 Execute Transfer Count Registers (ETCR) 


An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifies the 
number of transfers to be executed. The functions of these registers differ between normal mode 
and block transfer mode. 


e Normal mode 
























































ETCRA 
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Initial value Undetermined 


Read/Write R/W R/W R/W R/W R/W RW RW R/W RW RW R/W R/W R/W R/W R/W OR/W 








Transfer counter 


ETCRB: Is not used in normal mode. 


In normal mode ETCRA functions as a 16-bit transfer counter. The count is decremented by | 
each time one transfer is executed. The transfer ends when the count reaches H'0000. ETCRB is 
not used. 
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e Block transfer mode 



































ETCRA 
Bit 7 6 5 4 3 2 1 0 
Initial value Undetermined 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 





ETCRAH 


Block size counter 





Bit 7 6 5 4 3 2 1 0 



































Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 





ETCRAL 


Initial block size 



























































ETCRB 
Bit 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 
Initial value Undetermined 


Read/Write R/W R/W R/W R/W R/W R/W RW R/W R/W R/W R/W R/W R/W R/W R/W OR/W 








Block transfer counter 


In block transfer mode, ETCRAH functions as an 8-bit block size counter. ETCRAL holds the 
initial block size. ETCRAH is decremented by 1 each time one byte or word is transferred. When 
the count reaches H'00, ETCRAH is reloaded from ETCRAL. Blocks consisting of an arbitrary 
number of bytes or words can be transferred repeatedly by setting the same initial block size value 
in ETCRAH and ETCRAL. 


In block transfer mode ETCRB functions as a 16-bit block transfer counter. ETCRB is 
decremented by | each time one block is transferred. The transfer ends when the count reaches 
H'0000. 


The ETCRs are not initialized by a reset or in standby mode. 
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8.3.4 Data Transfer Control Registers (DTCR) 


The data transfer control registers (DTCRs) are 8-bit readable/writable registers that control the 
operation of the DMAC channels. A channel operates in full address mode when bits DTS2A and 
DTSIA are both set to 1 in DTCRA. DTCRA and DTCRB have different functions in full address 



































mode. 
DTCRA 
Bit 7 6 5 4 3 2 1 0 
DTE DTSZ SAID SAIDE DTIE | DTS2A | DTS1A | DTSOA 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 





Data transfer enable 
Enables or disables 
data transfer 


Data transfer size 
Selects byte or 


word size 


Data transfer 
interrupt enable 


of the transfer 





Source address 
increment/decrement 
Source address increment/ 
decrement enable 

These bits select whether 
the source address register 
(MARA) is incremented, 
decremented, or held fixed 
during the data transfer 


DTCRA is initialized to H'00 by a reset and in standby mode. 


196 


Enables or disables the 
CPU interrupt at the end 


Data transfer 
select 0A 

Selects block 
transfer mode 





Data transfer select 
2A and 1A 

These bits must both be 
set to 1 


Bit 7—Data Transfer Enable (DTE): Together with the DTME bit in DTCRB, this bit enables or 
disables data transfer on the channel. When the DTME and DTE bits are both set to 1, the channel 
is enabled. If auto-request is specified, data transfer begins immediately. Otherwise, the channel 
waits for transfers to be requested. When the specified number of transfers have been completed, 
the DTE bit is automatically cleared to 0. When DTE is 0, the channel is disabled and does not 
accept transfer requests. DTE is set to 1 by reading the register when DTE is 0, then writing 1. 


Bit 7 
DTE Description 





0 Data transfer is disabled (DTE is cleared to 0 when the specified number (Initial value) 
of transfers have been completed) 





1 Data transfer is enabled 





If DTIE is set to 1, a CPU interrupt is requested when DTE is cleared to 0. 


Bit 6—Data Transfer Size (DTSZ): Selects the data size of each transfer. 








Bit 6 

DTSZ Description 

0 Byte-size transfer (Initial value) 
1 Word-size transfer 


Bit 5—Source Address Increment/Decrement (SAID) and Bit 4—Source Address 
Increment/Decrement Enable (SAIDE): These bits select whether the source address register 
(MARA) is incremented, decremented, or held fixed during the data transfer. 











Bit 5 Bit 4 
SAID SAIDE Description 
0 0 MARA is held fixed (Initial value) 
1 MARA is incremented after each data transfer 
¢ If DTSZ = 0, MARA is incremented by 1 after each transfer 
¢ If DTSZ = 1, MARA is incremented by 2 after each transfer 
1 0 MARA is held fixed 
1 MARA is decremented after each data transfer 


¢ If DTSZ = 0, MARA is decremented by 1 after each transfer 
¢ If DTSZ = 1, MARA is decremented by 2 after each transfer 
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Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disables the CPU interrupt (DEND) 
requested when the DTE bit is cleared to 0. 





Bit 3 

DTIE Description 

0 The DEND interrupt requested by DTE is disabled (Initial value) 
1 The DEND interrupt requested by DTE is enabled 


Bits 2 and 1—Data Transfer Select 2A and 1A (DTS2A, DTS1A): A channel operates in full 
address mode when DTS2A and DTSIA are both set to 1. 


Bit 0—Data Transfer Select 0A (DTSOA): Selects normal mode or block transfer mode. 





Bit 0 

DTSOA Description 

0 Normal mode (Initial value) 
1 Block transfer mode 





Operations in these modes are described in sections 8.4.5, Normal Mode, and 8.4.6, Block 
Transfer Mode. 
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DTCRB 
































Bit 7 6 5 4 3 2 1 0 
DTME — DAID | DAIDE | TMS | DTS2B | DTS1B | DTSOB 

Initial value 0 0 0 0 0 0 0 0 

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 





Data transfer master enable 
Enables or disables data 


transfer, together with 


the DTE bit, and is cleared 


to 0 by an interrupt 


Reserved bit 





transfer mode 


Destination address 
increment/decrement 
Destination address 
increment/decrement enable 
These bits select whether 

the destination address 

register (MARB) is incremented, 
decremented, or held fixed 
during the data transfer 


DTCRB is initialized to H'00 by a reset and in standby mode. 


Transfer mode select 
Selects whether the 
block area is the source 
or destination in block 





Data transfer select 

2B to 0B 

These bits select the data 
transfer activation source 


Bit 7—Data Transfer Master Enable (DTME): Together with the DTE bit in DTCRA, this bit 
enables or disables data transfer. When the DTME and DTE bits are both set to 1, the channel is 
enabled. When an NMI interrupt occurs DTME is cleared to 0, suspending the transfer so that the 
CPU can use the bus. The suspended transfer resumes when DTME is set to 1 again. For further 
information on operation in block transfer mode, see section 8.6.6, NMI Interrupts and Block 


Transfer Mode. 


DTME is set to | by reading the register while DTME = 0, then writing 1. 


Bit 7 
DTME 


0 


Description 


occurs) 


Data transfer is disabled (DTME is cleared to 0 when an NMI interrupt 


(Initial value) 





Data transfer is enabled 
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Bit 6—Reserved: Although reserved, this bit can be written and read. 


Bit 5—Destination Address Increment/Decrement (DAID) and Bit 4—Destination Address 
Increment/Decrement Enable (DAIDE): These bits select whether the destination address 
register (MARB), is incremented, decremented, or held fixed during the data transfer. 











Bit 5 Bit 4 
DAID DAIDE Description 
0 0 MARB is held fixed (Initial value) 
1 MARB is incremented after each data transfer 
¢ If DTSZ = 0, MARB is incremented by 1 after each data transfer 
¢ If DTSZ = 1, MARB is incremented by 2 after each data transfer 
1 0 MARB is held fixed 
1 MARB is decremented after each data transfer 


¢ If DTSZ = 0, MARB is decremented by 1 after each data transfer 
¢ If DTSZ = 1, MARB is decremented by 2 after each data transfer 





Bit 3—Transfer Mode Select (TMS): Selects whether the source or destination is the block area 
in block transfer mode. 








Bit 3 

TMS Description 

0 Destination is the block area in block transfer mode (Initial value) 
1 Source is the block area in block transfer mode 
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Bits 2 to 0O—Data Transfer Select (DTS2B, DTS1B, DTSOB): These bits select the data transfer 
activation source. The selectable activation sources differ between normal mode and block 


transfer mode. 


Normal mode 




















Bit 2 Bit 1 Bit 0 
DTS2B DTS1B DTSOB_ Description 
0 0 0 Auto-request (burst mode) (Initial value) 
1 Cannot be used 
1 0 Auto-request (cycle-steal mode) 
1 Cannot be used 
1 0 0 Cannot be used 
1 Cannot be used 
1 0 Falling edge of DREQ 





Block transfer mode 


Bit2 _Bit1 Bit 0 


Low level input at DREQ 


DTS2B DTSiB DTSOB Description 




















0 0 0 Compare match/input capture A interrupt from ITU channel 0 (Initial value) 
1 Compare match/input capture A interrupt from ITU channel 1 
1 0 Compare match/input capture A interrupt from ITU channel 2 
1 Compare match/input capture A interrupt from ITU channel 3 
1 0 0 Cannot be used 
1 Cannot be used 
1 0 Falling edge of DREQ 





Cannot be used 





The same internal interrupt can be selected to activate two or more channels. The channels are 
activated in a priority order, highest priority first. For the priority order, see section 8.4.9, 
Multiple-Channel Operation. 


201 


8.4 Operation 
8.4.1 Overview 
Table 8-5 summarizes the DMAC modes. 


Table 8-5 DMAC Modes 


Transfer Mode 


Activation 


Notes 

















Short address I/O mode Compare match/input ¢ Up to four channels 
mode capture A interrupt from can operate 
Idle mode , 
ITU channels 0 to 3 independently 
Repeat mode 
F SCI transmit-data-empty * Only the B channels 
and receive-data-full support external 
interrupts requests 
External request 
Full address Normal mode Auto-request * AandB channels are 
mode paired; up to two 


External request 





Block transfer mode 


Compare match/input 
capture A interrupt from 
ITU channels 0 to 3 





External request 


A summary of operations in these modes follows. 


channels are 
available 


¢ Burst mode or cycle- 
steal mode can be 
selected for auto- 
requests 


W/O Mode: One byte or word is transferred per request. A designated number of these transfers 
are executed. A CPU interrupt can be requested at completion of the designated number of 
transfers. One 24-bit address and one 8-bit address are specified. The transfer direction is 
determined automatically from the activation source. 


Idle Mode: One byte or word is transferred per request. A designated number of these transfers 
are executed. A CPU interrupt can be requested at completion of the designated number of 
transfers. One 24-bit address and one 8-bit address are specified. The addresses are held fixed. 
The transfer direction is determined automatically from the activation source. 


Repeat Mode: One byte or word is transferred per request. A designated number of these 
transfers are executed. When the designated number of transfers are completed, the initial address 
and counter value are restored and operation continues. No CPU interrupt is requested. One 24-bit 
address and one 8-bit address are specified. The transfer direction is determined automatically 


from the activation source. 
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Normal Mode 
e« Auto-request 


The DMAC is activated by register setup alone, and continues executing transfers until the 
designated number of transfers have been completed. A CPU interrupt can be requested at 
completion of the transfers. Both addresses are 24-bit addresses. 


— Cycle-steal mode 
The bus is released to another bus master after each byte or word is transferred. 
— Burst mode 


Unless requested by a higher-priority bus master, the bus is not released until the 
designated number of transfers have been completed. 


e External request 


One byte or word is transferred per request. A designated number of these transfers are 
executed. A CPU interrupt can be requested at completion of the designated number of 
transfers. Both addresses are 24-bit addresses. 


Block Transfer Mode: One block of a specified size is transferred per request. A designated 
number of block transfers are executed. At the end of each block transfer, one address is restored 
to its initial value. When the designated number of blocks have been transferred, a CPU interrupt 
can be requested. Both addresses are 24-bit addresses. 
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8.4.2 I/O Mode 
I/O mode can be selected independently for each channel. 


One byte or word is transferred at each transfer request in I/O mode. A designated number of 
these transfers are executed. One address is specified in the memory address register (MAR), the 
other in the I/O address register IOAR). The direction of transfer is determined automatically 
from the activation source. The transfer is from the address specified in IOAR to the address 
specified in MAR if activated by an SCI receive-data-full interrupt, and from the address specified 
in MAR to the address specified in IOAR otherwise. 


Table 8-6 indicates the register functions in I/O mode. 


Table 8-6 Register Functions in I/O Mode 






































Function 
Activated by 
SCI Receive- 
Data-Full Other 
Register Interrupt Activation Initial Setting Operation 
23 0 Destination Source Destination or Incremented or 
' MAR | address address source address decremented 
register register once per transfer 
23 7 0 Source Destination Source or Held fixed 
Allis IOAR address address destination 
register register address 
15 0 Transfer counter Number of Decremented 
ETCR transfers once per 
transfer until 
H'0000 is 


reached and 
transfer ends 





Legend 

MAR: Memory address register 
IOAR: I/O address register 

ETCR: Execute transfer count register 


MAR and IOAR specify the source and destination addresses. MAR specifies a 24-bit source or 
destination address, which is incremented or decremented as each byte or word is transferred. 
IOAR specifies the lower 8 bits of a fixed address. The upper 16 bits are all 1s. IOAR is not 
incremented or decremented. 


Figure 8-2 illustrates how I/O mode operates. 
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1 byte or word is 
transferred per request 
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Address B——- 











Legend 

L = initial setting of MAR 

N = initial setting of ETCR 

Address T =L 

Address B = L + (-1)PTID « (2DTSZ « N — 1) 








Figure 8-2 Operation in I/O Mode 


The transfer count is specified as a 16-bit value in ETCR. The ETCR value is decremented by 1 at 
each transfer. When the ETCR value reaches H'0000, the DTE bit is cleared and the transfer ends. 
If the DTIE bit is set to 1, a CPU interrupt is requested at this time. The maximum transfer count 
is 65,536, obtained by setting ETCR to H'0000. 


Transfers can be requested (activated) by compare match/input capture A interrupts from ITU 
channels 0 to 3, SCI transmit-data-empty and receive-data-full interrupts, and external request 
signals. 


For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR). 
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Figure 8-3 shows a sample setup procedure for I/O mode. 








c 


I/O mode setup 


) 











Set source and 
destination addresses 











Set transfer count 











Read DTCR 














Set DTCR 








/O mode 


oN 


Set the source and destination addresses 

in MAR and IOAR. The transfer direction is 

determined automatically from the activation 

source. 

Set the transfer count in ETCR. 

Read DTCR while the DTE bit is cleared to 0. 

Set the DTCR bits as follows. 

¢ Select the DMAC activation source with bits 
DTS2 to DTSO. 

¢ Set or clear the DTIE bit to enable or disable 
the CPU interrupt at the end of the transfer. 

* Clear the RPE bit to 0 to select I/O mode. 

¢ Select MAR increment or decrement with the 
DTID bit. 

* Select byte size or word size with the DTSZ bit. 

¢ Set the DTE bit to 1 to enable the transfer. 





Figure 8-3 I/O Mode Setup Procedure (Example) 


8.4.3 Idle Mode 


Idle mode can be selected independently for each channel. 


One byte or word is transferred at each transfer request in idle mode. A designated number of 
these transfers are executed. One address is specified in the memory address register (MAR), the 
other in the I/O address register IOAR). The direction of transfer is determined automatically 
from the activation source. The transfer is from the address specified in IOAR to the address 
specified in MAR if activated by an SCI receive-data-full interrupt, and from the address specified 
in MAR to the address specified in IOAR otherwise. 


Table 8-7 indicates the register functions in idle mode. 
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Table 8-7 Register Functions in Idle Mode 









































Function 
Activated by 
SCI Receive- 
Data-Full Other 
Register Interrupt Activation _ Initial Setting Operation 
23 Destination Source Destination or Held fixed 
MAR address address source address 
register register 
23 7 Source Destination Source or Held fixed 
Allis IOAR address address destination 
register register address 
15 Transfer counter Number of Decremented 
ETCR transfers once per 
transfer until 
H'0000 is 
reached and 
transfer ends 
Legend 


MAR: Memory address register 


IOAR: 


I/O address register 


ETCR: Execute transfer count register 


MAR and IOAR specify the source and destination addresses. MAR specifies a 24-bit source or 
destination address. IOAR specifies the lower 8 bits of a fixed address. The upper 16 bits are all 
1s. MAR and IOAR are not incremented or decremented. 


Figure 8-4 illustrates how idle mode operates. 
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1 byte or word is 
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Figure 8-4 Operation in Idle Mode 





The transfer count is specified as a 16-bit value in ETCR. The ETCR value is decremented by 1 at 
each transfer. When the ETCR value reaches H'0000, the DTE bit is cleared, the transfer ends, and 
a CPU interrupt is requested. The maximum transfer count is 65,536, obtained by setting ETCR to 
H'0000. 


Transfers can be requested (activated) by compare match/input capture A interrupts from ITU 
channels 0 to 3, SCI transmit-data-empty and receive-data-full interrupts, and external request 
signals. 


For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR). 


Figure 8-5 shows a sample setup procedure for idle mode. 
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Idle mode setup 











Set source and 
destination addresses 


ee ee 


Set transfer count 











Read DTCR 














Set DTCR 








Idle mode 


Poh 


. Set the source and destination addresses 


in MAR and IOAR. The transfer direction is deter- 
mined automatically from the activation source. 
Set the transfer count in ETCR. 
Read DTCR while the DTE bit is cleared to 0. 
Set the DTCR bits as follows. 
¢ Select the DMAC activation source with bits 
DTS2 to DTSO. 
¢ Set the DTIE and RPE bits to 1 to select idle mode. 
* Select byte size or word size with the DTSZ bit. 
¢ Set the DTE bit to 1 to enable the transfer. 





Figure 8-5 Idle Mode Setup Procedure (Example) 
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8.4.4 Repeat Mode 


Repeat mode is useful for cyclically transferring a bit pattern from a table to the programmable 
timing pattern controller (TPC) in synchronization, for example, with ITU compare match. Repeat 
mode can be selected for each channel independently. 


One byte or word is transferred per request in repeat mode, as in I/O mode. A designated number 
of these transfers are executed. One address is specified in the memory address register (MAR), 
the other in the I/O address register JOAR). At the end of the designated number of transfers, 
MAR and ETCR are restored to their original values and operation continues. The direction of 
transfer is determined automatically from the activation source. The transfer is from the address 
specified in IOAR to the address specified in MAR if activated by an SCI receive-data-full 
interrupt, and from the address specified in MAR to the address specified in IOAR otherwise. 


Table 8-8 indicates the register functions in repeat mode. 


Table 8-8 Register Functions in Repeat Mode 



























































Function 
Activated by 
SCI Receive- 
Data-Full Other 
Register Interrupt Activation Initial Setting Operation 
Destination Source Destination or — Incremented or 
address address source address decremented at 
23 0 register register each transfer until 
MAR : ETCRH reaches 
H'0000, then restored 
to initial value 
23 7 0 Source Destination Source or Held fixed 
All 1s IOAR address address destination 
register register address 
Transfer counter Number of Decremented once 
7 0 transfers per transfer unti 
ETCRH H'0000 is reached, 
then reloaded from 
Paes ETCRL 
7 0 Initial transfer count Number of Held fixed 





transfers 





ETCRL 











Legend 

MAR: Memory address register 
IOAR: I/O address register 

ETCR: Execute transfer count register 
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In repeat mode ETCRH is used as the transfer counter while ETCRL holds the initial transfer 
count. ETCRH is decremented by | at each transfer until it reaches H'00, then is reloaded from 
ETCRL. MAR is also restored to its initial value, which is calculated from the DTSZ and DTID 
bits in DTCR. Specifically, MAR is restored as follows: 


MAR € MAR | (-1)PTID . 2DTSZ . ETCRL 
ETCRH and ETCRL should be initially set to the same value. 


In repeat mode transfers continue until the CPU clears the DTE bit to 0. After DTE is cleared to 0, 
if the CPU sets DTE to 1 again, transfers resume from the state at which DTE was cleared. No 
CPU interrupt is requested. 


As in I/O mode, MAR and IOAR specify the source and destination addresses. MAR specifies a 
24-bit source or destination address. IOAR specifies the lower 8 bits of a fixed address. The upper 
16 bits are all 1s. IOAR is not incremented or decremented. 


Figure 8-6 illustrates how repeat mode operates. 





Address T —— <. Transfer > —~= |IOAR 
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| 1 byte or word is 
| transferred per request 
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| 
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| 
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: y Legend 





L = initial setting of MAR 
Address B N = initial setting of ETCRH and ETCRL 
Address T = L 


a a Address B = L + (-1)PT9. (2PTSZ. N — 1) 


Figure 8-6 Operation in Repeat Mode 
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The transfer count is specified as an 8-bit value in ETCRH and ETCRL. The maximum transfer 
count is 256, obtained by setting both ETCRH and ETCRL to H'00. 


Transfers can be requested (activated) by compare match/input capture A interrupts from ITU 
channels 0 to 3, SCI transmit-data-empty and receive-data-full interrupts, and external request 


signals. 


For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR). 


Figure 8-7 shows a sample setup procedure for repeat mode. 








« Repeat mode ) 











Set source and 
destination addresses 











Set transfer count 











Read DTCR 








Set DTCR 














Y 
Repeat mode 


1. Set the source and destination addresses in MAR 
and IOAR. The transfer direction is determined 
automatically from the activation source. 

2. Set the transfer count in both ETCRH and ETCRL. 

1 3. Read DTCR while the DTE bit is cleared to 0. 
4. Set the DTCR bits as follows. 
* Select the DMAC activation source with bits 
DTS2 to DTSO. 
¢ Clear the DTIE bit to 0 and set the RPE bit to 1 
2 to select repeat mode. 
* Select MAR increment or decrement with the DTID bit. 
* Select byte size or word size with the DTSZ bit. 
* Set the DTE bit to 1 to enable the transfer. 





Figure 8-7 


Repeat Mode Setup Procedure (Example) 
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8.4.5 Normal Mode 


In normal mode the A and B channels are combined. One byte or word is transferred per request. 
A designated number of these transfers are executed. Addresses are specified in MARA and 
MARB. Table 8-9 indicates the register functions in I/O mode. 


Table 8-9 Register Functions in Normal Mode 


























Register Function Initial Setting Operation 

23 0 Source address Source address Incremented or 
MARA | register decremented once per 
transfer, or held fixed 

23 0 Destination Destination Incremented or 
| MARB | address register address decremented once per 
transfer, or held fixed 
15 0 Transfer counter Number of Decremented once per 

ETCRA transfers transfer 
l 








Legend 

MARA: Memory address register A 
MARB: Memory address register B 
ETCRA: Execute transfer count register A 


The source and destination addresses are both 24-bit addresses. MARA specifies the source 
address. MARB specifies the destination address. MARA and MARB can be independently 
incremented, decremented, or held fixed as data is transferred. 


The transfer count is specified as a 16-bit value in ETCRA. The ETCRA value is decremented by 
1 at each transfer. When the ETCRA value reaches H'0000, the DTE bit is cleared and the transfer 
ends. If the DTIE bit is set, a CPU interrupt is requested at this time. The maximum transfer count 
is 65,536, obtained by setting ETCRA to H'0000. 


Figure 8-8 illustrates how normal mode operates. 
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Legend 


L, = initial setting of MARA 
Lg = initial setting of MARB 
N_ = initial setting of ETCRA 
Ta =La 


Ba =La + SAIDE « (-1)SAID + (2DTSZ « N— 1) 


Tg =Lp 


Bg =Lg + DAIDE « (-1)PAID « (2DTSZ - N- 1) 











Transfer 



























































ae 


Figure 8-8 Operation in Normal Mode 


—«t— Address Tp 





y 


~«— Address Bg 





Transfers can be requested (activated) by an external request or auto-request. An auto-requested 
transfer is activated by the register settings alone. The designated number of transfers are executed 
automatically. Either cycle-steal or burst mode can be selected. In cycle-steal mode the DMAC 
releases the bus temporarily after each transfer. In burst mode the DMAC keeps the bus until the 
transfers are completed, unless there is a bus request from a higher-priority bus master. 


For the detailed settings see section 8.3.4, Data Transfer Control Registers (DTCR). 
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Figure 8-9 shows a sample setup procedure for normal mode. 








( Normal mode 








Set initial source address 





Set initial destination address 








Set transfer count 








Set DTCRB (1) 





Set DTCRA (1) 








Read DTCRB 








Set DTCRB (2) 








Read DTCRA 








Set DTCRA (2) 














y 
Normal mode 


PON. 


Oo OND 


Set the initial source address in MARA. 

Set the initial destination address in MARB. 

Set the transfer count in ETCRA. 

Set the DTCRB bits as follows. 

¢ Clear the DTME bit to 0. 

* Set the DAID and DAIDE bits to select whether 
MARB is incremented, decremented, or held fixed. 

* Select the DMAC activation source with bits 
DTS2B to DTSOB. 

Set the DTCRA bits as follows. 
* Clear the DTE bit to 0. 

* Select byte or word size with the DTSZ bit. 

* Set the SAID and SAIDE bits to select whether 
MARA is incremented, decremented, or held fixed. 

* Set or clear the DTIE bit to enable or disable the 
CPU interrupt at the end of the transfer. 

* Clear the DTSOA bit to 0 and set the DTS2A 
and DTS1A bits to 1 to select normal mode. 

Read DTCRB with DTME cleared to 0. 

Set the DTME bit to 1 in DTCRB. 

Read DTCRA with DTE cleared to 0. 

Set the DTE bit to 1 in DTCRA to enable the transfer. 


Note: * Carry out settings 1 to 9 with the DEND interrupt masked in the CPU. 
If an NMI interrupt occurs during the setup procedure, it may clear the DTME bit to 0, in 
which case the transfer will not start. 





Figure 8-9 Normal Mode Setup Procedure (Example) 
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8.4.6 Block Transfer Mode 


In block transfer mode the A and B channels are combined. One block of a specified size is 
transferred per request. A designated number of block transfers are executed. Addresses are 
specified in MARA and MARB. The block area address can be either held fixed or cycled. 


Table 8-10 indicates the register functions in block transfer mode. 


Table 8-10 Register Functions in Block Transfer Mode 




































































Register Function Initial Setting Operation 
23 0 Source address Source address Incremented or 
MARA | register decremented once per 
! transfer, or held fixed 
23 0 Destination Destination Incremented or 
 MARB | address register address decremented once per 
transfer, or held fixed 
7 0 Block size counter Block size Decremented once per 
ETCRAH transfer until H'00 is 
reached, then reloaded 
aos from ETCRAL 
7 _ 0 Initial block size Block size Held fixed 
ETCRAL 
15 0 Block transfer Number of block Decremented once per 
1 counter transfers block transfer until H'0000 
ETCRB is reached and the 
transfer ends 
Legend 
MARA: Memory address register A 


MARB: 


Memory address register B 


ETCRA: Execute transfer count register A 
ETCRB: Execute transfer count register B 


The source and destination addresses are both 24-bit addresses. MARA specifies the source 
address. MARB specifies the destination address. MARA and MARB can be independently 
incremented, decremented, or held fixed as data is transferred. One of these registers operates as a 
block area register: even if it is incremented or decremented, it is restored to its initial value at the 
end of each block transfer. The TMS bit in DTCRB selects whether the block area is the source or 


destination. 
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If M (1 to 256) is the size of the block transferred at each request and N (1 to 65,536) is the 
number of blocks to be transferred, then ETCRAH and ETCRAL should initially be set to M and 


ETCRB should initially be set to N. 


Figure 8-10 illustrates how block transfer mode operates. In this figure, bit TMS is cleared to 0, 


meaning the block area is the destination. 





eee aa, 



































Block area 


























Ty 
— | Transfer 
ie Block 1 —| 
Ba 
i= Block 2 — 
= —| Mbytes or words are 
transferred per request 
y [— Block N J 
Legend 


L, = initial setting of MARA 

Lg = initial setting of MARB 

M_ = initial setting of ETCRAH and ETCRAL 
N_ =initial setting of ETCRB 


Taal, 
Ba =L,+ SAIDE + (-1)SA!0 « (20782 « M1) 
Tg =Le 


Bg =Lg+ DAIDE + (-1)>4 « (20784 « M—1) 





| 


~a— Address Tp 
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~t— Address Bg 





Figure 8-10 Operation in Block Transfer Mode 
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When activated by a transfer request, the DMAC executes a burst transfer. During the transfer 
MARA and MARB are updated according to the DTCR settings, and ETCRAH is decremented. 
When ETCRAH reaches H'00, it is reloaded from ETCRAL to restore the initial value. The 
memory address register of the block area is also restored to its initial value, and ETCRB is 
decremented. If ETCRB is not H'0000, the DMAC then waits for the next transfer request. 
ETCRAH and ETCRAL should be initially set to the same value. 


The above operation is repeated until ETCRB reaches H'0000, at which point the DTE bit is 
cleared to 0 and the transfer ends. If the DTIE bit is set to 1, a CPU interrupt is requested at this 
time. 


Figure 8-11 shows examples of a block transfer with byte data size when the block area is the 
destination. In (a) the block area address is cycled. In (b) the block area address is held fixed. 


Transfers can be requested (activated) by compare match/input capture A interrupts from ITU 
channels 0 to 3, and by external request signals. 


For the detailed settings see section 8.3.4, Data Transfer Control Registers (DTCR). 
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Figure 8-11 Block Transfer Mode Flowcharts (Examples) 





Figure 8-12 shows a sample setup procedure for block transfer mode. 








q Block transfer mode 


) 








Set source address 








Set destination address 








Set block transfer count 








Set block size 








Set DTCRB (1) 





Set DTCRA (1) 








Read DTCRB 








Set DTCRB (2) 








Read DTCRA 








Set DTCRA (2) 














y 
Block transfer mode 


10 


PoON> 


a OOo 


Set the source address in MARA. 

Set the destination address in MARB. 

Set the block transfer count in ETCRB. 

Set the block size (number of bytes or words) 

in both ETCRAH and ETCRAL. 

Set the DTCRB bits as follows. 

¢ Clear the DTME bit to 0. 

¢ Set the DAID and DAIDE bits to select whether 
MARB is incremented, decremented, or held fixed. 

¢ Set or clear the TMS bit to make the block area 
the source or destination. 

* Select the DMAC activation source with bits 
DTS2B to DTSOB. 

Set the DTCRA bits as follows. 

* Clear the DTE to 0. 

* Select byte size or word size with the DTSZ bit. 

¢ Set the SAID and SAIDE bits to select whether 
MARA is incremented, decremented, or held fixed. 

¢ Set or clear the DTIE bit to enable or disable the 
CPU interrupt at the end of the transfer. 

¢ Set bits DTS2A to DTSOA all to 1 to select 
block transfer mode. 

Read DTCRB with DTME cleared to 0. 

Set the DTME bit to 1 in DTCRB. 

Read DTCRA with DTE cleared to 0. 


. Set the DTE bit to 1 in DTCRA to enable 


the transfer. 


Note: * Carry out settings 1 to 10 with the DEND interrupt masked in the CPU. 
If an NMI interrupt occurs during the setup procedure, it may clear the DTME bit to 0, in 
which case the transfer will not start. 





Figure 8-12 Block Transfer Mode Setup Procedure (Example) 
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8.4.7 DMAC Activation 


The DMAC can be activated by an internal interrupt, external request, or auto-request. The 
available activation sources differ depending on the transfer mode and channel as indicated in 
table 8-11. 


Table 8-11 DMAC Activation Sources 


Short Address Mode 
Full Address Mode 
































Channels Channels 
Activation Source 0A and 1A 0B and 1B Normal Block 
Internal IMIAO ° ° x ° 
interrupts IMIAA e 7 s 5 
IMIA2 ° ° x ° 
IMIA3 ° ° x ° 
TXI0O ° ° x x 
RXI0 ° ° x x 
External Falling edge x ° ° ° 
requests of DREQ 
Low input at x ° ° x 
DREQ 
Auto-request x x ° x 


Activation by Internal Interrupts: When an interrupt request is selected as a DMAC activation 
source and the DTE bit is set to 1, that interrupt request is not sent to the CPU. It is not possible 
for an interrupt request to activate the DMAC and simultaneously generate a CPU interrupt. 


When the DMAC is activated by an interrupt request, the interrupt request flag is cleared 
automatically. If the same interrupt is selected to activate two or more channels, the interrupt 
request flag is cleared when the highest-priority channel is activated, but the transfer request is 
held pending on the other channels in the DMAC, which are activated in their priority order. 
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Activation by External Request: If an external request (DREQ pin) is selected as an activation 
source, the DREQ pin becomes an input pin and the corresponding TEND pin becomes an output 
pin, regardless of the port data direction register (DDR) settings. The DREQ input can be level- 
sensitive or edge-sensitive. 


In short address mode and normal mode, an external request operates as follows. If edge sensing is 
selected, one byte or word is transferred each time a high-to-low transition of the DREQ input is 
detected. If the next edge is input before the transfer is completed, the next transfer may not be 
executed. If level sensing is selected, the transfer continues while DREQ is low, until the transfer 
is completed. The bus is released temporarily after each byte or word has been transferred, 
however. If the DREQ input goes high during a transfer, the transfer is suspended after the current 
byte or word has been transferred. When DREQ goes low, the request is held internally until one 
byte or word has been transferred. The TEND signal goes low during the last write cycle. 


In block transfer mode, an external request operates as follows. Only edge-sensitive transfer 
requests are possible in block transfer mode. Each time a high-to-low transition of the DREQ 
input is detected, a block of the specified size is transferred. The TEND signal goes low during the 
last write cycle in each block. 


Activation by Auto-Request: The transfer starts as soon as enabled by register setup, and 
continues until completed. Cycle-steal mode or burst mode can be selected. 


In cycle-steal mode the DMAC releases the bus temporarily after transferring each byte or word. 
Normally, DMAC cycles alternate with CPU cycles. 


In burst mode the DMAC keeps the bus until the transfer is completed, unless there is a higher- 
priority bus request. If there is a higher-priority bus request, the bus is released after the current 
byte or word has been transferred. 
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8.4.8 DMAC Bus Cycle 


Figure 8-13 shows an example of the timing of the basic DMAC bus cycle. This example shows a 
word-size transfer from a 16-bit two-state access area to an 8-bit three-state access area. When the 
DMAC gets the bus from the CPU, after one dead cycle (Tg), it reads from the source address and 
writes to the destination address. During these read and write operations the bus is not released 
even if there is another bus request. DMAC cycles comply with bus controller settings in the same 
way as CPU cycles. 
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Figure 8-13 DMA Transfer Bus Timing (Example) 


Figure 8-14 shows the timing when the DMAC is activated by low input at a DREQ pin. This 
example shows a word-size transfer from a 16-bit two-state access area to another 16-bit two-state 
access area. The DMAC continues the transfer while the DREQ pin is held low. 
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Figure 8-14 Bus Timing of DMA Transfer Requested by Low DREQ Input 


Figure 8-15 shows an auto-requested burst-mode transfer. This example shows a transfer of three 
words from a 16-bit two-state access area to another 16-bit two-state access area. 
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Figure 8-15 Burst DMA Bus Timing 


When the DMAC is activated from a DREQ pin there is a minimum interval of four states from 
when the transfer is requested until the DMAC starts operating. The DREQ pin is not sampled 
during the time between the transfer request and the start of the transfer. In short address mode 
and normal mode, the pin is next sampled at the end of the read cycle. In block transfer mode, the 
pin is next sampled at the end of one block transfer. 


Figure 8-16 shows the timing when the DMAC is activated by the falling edge of DREQ in 
normal mode. 
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Figure 8-16 Timing of DMAC Activation by Falling Edge of DREQ in Normal Mode 


Figure 8-17 shows the timing when the DMAC is activated by level-sensitive low DREQ input in 
normal mode. 
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Figure 8-17 Timing of DMAC Activation by Low DREQ Level in Normal Mode 


Figure 8-18 shows the timing when the DMAC is activated by the falling edge of DREQ in block 
transfer mode. 
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Figure 8-18 Timing of DMAC Activation by Falling Edge of DREQ in Block Transfer Mode 
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8.4.9 Multiple-Channel Operation 


The DMAC channel priority order is: channel 0 > channel | and channel A > channel B. 
Table 8-12 shows the complete priority order. 


Table 8-12 Channel Priority Order 














Short Address Mode Full Address Mode Priority 
Channel 0A Channel 0 High 
Channel 0B 

Channel 1A Channel 1 j 
Channel 1B Low 





Multiple-Channel Operation: If transfers are requested on two or more channels simultaneously, 
or if a transfer on one channel is requested during a transfer on another channel, the DMAC 
operates as follows. 


e« When a transfer is requested, the DMAC requests the bus right. When it gets the bus right, it 
starts a transfer on the highest-priority channel at that time. 


¢ Once a transfer starts on one channel, requests to other channels are held pending until that 
channel releases the bus. 


e After each transfer in short address mode, and each externally-requested or cycle-steal 
transfer in normal mode, the DMAC releases the bus and returns to step 1. After releasing the 
bus, if there is a transfer request for another channel, the DMAC requests the bus again. 


e After completion of a burst-mode transfer, or after transfer of one block in block transfer 
mode, the DMAC releases the bus and returns to step 1. If there is a transfer request for a 
higher-priority channel or a bus request from a higher-priority bus master, however, the 
DMAC releases the bus after completing the transfer of the current byte or word. After 
releasing the bus, if there is a transfer request for another channel, the DMAC requests the 
bus again. 


Figure 8-19 shows the timing when channel OA is set up for I/O mode and channel | for burst 
mode, and a transfer request for channel OA is received while channel | is active. 
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Figure 8-19 Timing of Multiple-Channel Operations 
8.4.10 External Bus Requests, Refresh Controller, and DMAC 


During a DMA transfer, if the bus right is requested by an external bus request signal (BREQ) or 
by the refresh controller, the DMAC releases the bus after completing the transfer of the current 
byte or word. If there is a transfer request at this point, the DMAC requests the bus right again. 
Figure 8-20 shows an example of the timing of insertion of a refresh cycle during a burst transfer 
on channel 0. 
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Figure 8-20 Bus Timing of Refresh Controller and DMAC 
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8.4.11 NMI Interrupts and DMAC 
NMI interrupts do not affect DMAC operations in short address mode. 


If an NMI interrupt occurs during a transfer in full address mode, the DMAC suspends operations. 
In full address mode, a channel is enabled when its DTE and DTME bits are both set to 1. NMI 
input clears the DTME bit to 0. After transferring the current byte or word, the DMAC releases 
the bus to the CPU. In normal mode, the suspended transfer resumes when the CPU sets the 
DTME bit to 1 again. Check that the DTE bit is set to 1 and the DTME bit is cleared to 0 before 
setting the DTME bit to 1. 


Figure 8-21 shows the procedure for resuming a DMA transfer in normal mode on channel 0 after 
the transfer was halted by NMI input. 








1. Check that DTE = 1 and DTME = 0. 
2. Read DTCRB while DTME = 0, 
then write 1 in the DTME bit. 


Resuming DMA transfer 
in normal mode 




















Set DTME to 1 2 
' 
DMA transfer continues End 








Figure 8-21 Procedure for Resuming a DMA Transfer Halted by NMI (Example) 


For information about NMI interrupts in block transfer mode, see section 8.6.6, NMI Interrupts 
and Block Transfer Mode. 
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8.4.12 Aborting a DMA Transfer 


When the DTE bit in an active channel is cleared to 0, the DMAC halts after transferring the 
current byte or word. The DMAC starts again when the DTE bit is set to 1. In full address mode, 
the DTME bit can be used for the same purpose. Figure 8-22 shows the procedure for aborting a 
DMA transfer by software. 








DMA transfer abort 1. Clear the DTE bit to 0 in DTCR. 

To avoid generating an interrupt when 
aborting a DMA transfer, clear the DTIE 
bit to 0 simultaneously. 











Set DTCR 1 


| 


DMA transfer aborted 

















Figure 8-22 Procedure for Aborting a DMA Transfer 
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8.4.13 Exiting Full Address Mode 


Figure 8-23 shows the procedure for exiting full address mode and initializing the pair of 
channels. To set the channels up in another mode after exiting full address mode, follow the setup 
procedure for the relevant mode. 



































Exiting full address mode 1. Clear the DTE bit to 0 in DTCRA, or wait 
ae ae for the transfer to end and the DTE bit 
to be cleared to 0. 
2. Clear all DTCRB bits to 0. 
Halt the channel | 3. Clear all DTCRA bits to 0. 
Initialize DTCRB 2 
Initialize DTCRA 3 











Y 


Initialized and halted 








Figure 8-23 Procedure for Exiting Full Address Mode (Example) 
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8.4.14 DMAC States in Reset State, Standby Modes, and Sleep Mode 


When the chip is reset or enters hardware or software standby mode, the DMAC is initialized. 
DMAC operations continue in sleep mode. Figure 8-24 shows the timing of a cycle-steal transfer 


in sleep mode. 
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Figure 8-24 Timing of Cycle-Steal Transfer in Sleep Mode 
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8.5 Interrupts 
The DMAC generates only DMA-end interrupts. Table 8-13 lists the interrupts and their priority. 


Table 8-13. DMAC Interrupts 

















Description 
Interrupt Short Address Mode Full Address Mode Interrupt Priority 
DENDOA _ End of transfer on channel 0A End of transfer on channel 0 High 
DENDOB _ End of transfer on channel 0B = 
DEND1A — End of transfer on channel 1A End of transfer on channel 1 j 
DEND1B — End of transfer on channel 1B — Low 


Each interrupt is enabled or disabled by the DTIE bit in the corresponding data transfer control 
register (DTCR). Separate interrupt signals are sent to the interrupt controller. 


The interrupt priority order among channels is channel 0 > channel | and channel A > channel B. 


Figure 8-25 shows the DMA-end interrupt logic. An interrupt is requested whenever DTE = 0 and 
DTIE = 1. 











DTE 











—_ {| }-— DMA-end interrupt 











DTIE 

















Figure 8-25 DMA-End Interrupt Logic 


The DMA-end interrupt for the B channels (DENDB) is unavailable in full address mode. The 
DTME bit does not affect interrupt operations. 
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8.6 Usage Notes 
8.6.1 Note on Word Data Transfer 


Word data cannot be accessed starting at an odd address. When word-size transfer is selected, set 
even values in the memory and I/O address registers (MAR and IOAR). 


8.6.2 DMAC Self-Access 


The DMAC itself cannot be accessed during a DMAC cycle. DMAC registers cannot be specified 
as source or destination addresses. 


8.6.3 Longword Access to Memory Address Registers 
A memory address register can be accessed as longword data at the MARR address. 
Example 


MOV.L #LBL, ERO 
MOV.L ERO, @MARR 


Four byte accesses are performed. Note that the CPU may release the bus between the second byte 
(MARE) and third byte (MARH). 


Memory address registers should be written and read only when the DMAC is halted. 
8.6.4 Note on Full Address Mode Setup 


Full address mode is controlled by two registers: DTCRA and DTCRB. Care must be taken to 
prevent the B channel from operating in short address mode during the register setup. The enable 
bits (DTE and DTME) should not be set to 1 until the end of the setup procedure. 
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8.6.5 Note on Activating DMAC by Internal Interrupts 


When using an internal interrupt to activate the DMAC, make sure that the interrupt selected as 
the activating source does not occur during the interval after it has been selected but before the 
DMAC has been enabled. The on-chip supporting module that will generate the interrupt should 
not be activated until the DMAC has been enabled. If the DMAC must be enabled while the on- 
chip supporting module is active, follow the procedure in figure 8-26. 











q Enabling of DMAC ) 1. While the DTE bit is cleared to 0, 
interrupt requests are sent to the 
CPU. 
2. Clear the interrupt enable bit to 0 
{ in the interrupt-generating on-chip 
supporting module. 
3. Enable the DMAC. 









Selected interrupt 
requested? 





Interrupt hand- 




















ling by CPU No 4. Enable the DMAC-activating 
interrupt. 
Clear selected interrupt’s 2 
enable bit to 0 











Enable DMAC 3 











Set selected interrupt’s 4 
enable bit to 1 














y 
DMAC operates 


Figure 8-26 Procedure for Enabling DMAC while On-Chip Supporting 
Module is Operating (Example) 


If the DTE bit is set to 1 but the DTME bit is cleared to 0, the DMAC is halted and the selected 
activating source cannot generate a CPU interrupt. If the DMAC is halted by an NMI interrupt, for 
example, the selected activating source cannot generate CPU interrupts. To terminate DMAC 
operations in this state, clear the DTE bit to 0 to allow CPU interrupts to be requested. To continue 
DMAC operations, carry out steps 2 and 4 in figure 8-26 before and after setting the DTME bit 

to 1. 
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When an ITU interrupt activates the DMAC, make sure the next interrupt does not occur before 
the DMA transfer ends. If one ITU interrupt activates two or more channels, make sure the next 
interrupt does not occur before the DMA transfers end on all the activated channels. If the next 
interrupt occurs before a transfer ends, the channel or channels for which that interrupt was 
selected may fail to accept further activation requests. 


8.6.6 NMI Interrupts and Block Transfer Mode 
If an NMI interrupt occurs in block transfer mode, the DMAC operates as follows. 


e When the NMI interrupt occurs, the DMAC finishes transferring the current byte or word, 
then clears the DTME bit to 0 and halts. The halt may occur in the middle of a block. 


It is possible to find whether a transfer was halted in the middle of a block by checking the 
block size counter. If the block size counter does not have its initial value, the transfer was 
halted in the middle of a block. 


e If the transfer is halted in the middle of a block, the activating interrupt flag is cleared to 0. 
The activation request is not held pending. 


e While the DTE bit is set to 1 and the DTME bit is cleared to 0, the DMAC is halted and does 
not accept activating interrupt requests. If an activating interrupt occurs in this state, the 
DMAC does not operate and does not hold the transfer request pending internally. Neither is a 
CPU interrupt requested. 


For this reason, before setting the DTME bit to 1, first clear the enable bit of the activating 
interrupt to 0. Then, after setting the DTME bit to 1, set the interrupt enable bit to | again. 
See section 8.6.5, Note on Activating DMAC by Internal Interrupts. 


¢ When the DTME bit is set to 1, the DMAC waits for the next transfer request. If it was halted 
in the middle of a block transfer, the rest of the block is transferred when the next transfer 
request occurs. Otherwise, the next block is transferred when the next transfer request occurs. 


8.6.7 Memory and I/O Address Register Values 


Table 8-14 indicates the address ranges that can be specified in the memory and I/O address 
registers (MAR and IOAR). 
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Table 8-14 Address Ranges Specifiable in MAR and IOAR 








1-Mbyte Mode 16-Mbyte Mode 

MAR H'00000 to H'FFFFF H'000000 to H'FFFFFF 
(0 to 1048575) (0 to 16777215) 

IOAR H'FFFOO to H'FFFFF H'FFFFOO to H'FFFFFF 
(1048320 to 1048575) (16776960 to 16777215) 


MAR bits 23 to 20 are ignored in 1-Mbyte mode. 
8.6.8 Bus Cycle when Transfer is Aborted 


When a transfer is aborted by clearing the DTE bit or suspended by an NMI that clears the DIME 
bit, if this halts a channel for which the DMAC has a transfer request pending internally, a dead 
cycle may occur. This dead cycle does not update the halted channel’s address register or counter 
value. Figure 8-27 shows an example in which an auto-requested transfer in cycle-steal mode on 
channel 0 is aborted by clearing the DTE bit in channel 0. 
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Figure 8-27 Bus Timing at Abort of DMA Transfer in Cycle-Steal Mode 
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Section 9 I/O Ports 


9.1 Overview 


The H8/3042 Series has 10 input/output ports (ports 1, 2, 3, 4, 5, 6, 8, 9, A, and B) and one input 
port (port 7). Table 9-1 summarizes the port functions. The pins in each port are multiplexed as 
shown in table 9-1. 


Each port has a data direction register (DDR) for selecting input or output, and a data register (DR) 
for storing output data. In addition to these registers, ports 2, 4, and 5 have an input pull-up control 
register (PCR) for switching input pull-up transistors on and off. 


Ports 1 to 6 and port 8 can drive one TTL load and a 90-pF capacitive load. Ports 9, A, and B can 
drive one TTL load and a 30-pF capacitive load. Ports 1 to 6 and 8 to B can drive a darlington pair. 
Ports 1, 2, 5, and B can drive LEDs (with 10-mA current sink). Pins P8 to P89, PA7 to PAg, and 
PB3 to PBg have Schmitt-trigger input circuits. 


For block diagrams of the ports see appendix C, I/O Port Block Diagrams. 
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Table 9-1 Port Functions (1) 












































Port Description Pins Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6/7 
Port 1 * 8-bit I/O port P17 to P10/ Address output pins (Az to Ap) Address output (A7 to Generic 
* Can drive LEDs Az to Ap Ao) and generic input —input/ 
DDR = 0: output 
generic input 
DDR = 1: 
address output 
Port 2 * 8-bit I/O port P27 to P2o/ Address output pins (Aj5 to Ag) Address output (A;5 to Generic 
* Input pull-up Aj5 to Ag Ag) and generic input —input/ 
* Can drive LEDs DDR = 0: output 
generic input 
DDR = 1: 
address output 
Port 3 * 8-bit I/O port P37 to P3o/ Data input/output (D5 to Dg) Generic 
Dis to Dg input/ 
output 
Port 4 + 8-bit I/O port P47 to P4,/ Data input/output (D7 to Dy) and 8-bit generic input/output Generic 
* Input pull-up D7 to Do 8-bit bus mode: generic input/output input/ 
16-bit bus mode: data input/output output 
Port 5 + 4-bit I/O port P53 to P5o/ Address output (Ajg to Aig) Address output (Ajg to Generic 
* Input pull-up Aig to Aig Ajg) and generic input input/ 
* Can drive LEDs DDR = 0: output 
generic input 
DDR = 1: 
address output 
Port 6 * 7-bit I/O port P6_/LWR, Bus control signal output (_.WR, HWR, RD, AS) Generic 
P6;/HWR, input/ 
P6,/RD, output 
P63/AS 
P6,/BACK, Bus control signal input/output (BACK, BREQ, WAIT) and 
P6,/BREQ, 3-bit generic input/output 
P6)/WAIT 
Port 7 *8-bit input port P77/AN7/DA,, Analog input (AN7, ANg) to A/D converter, analog output (DA;, DAo) 
P7g/ANg/DA _ from D/A converter, and generic input 
P75 to P7o/ Analog input (AN; to ANg) to A/D converter, and generic input 
ANs to ANo 
Port 8 *5-bit/O port  P8,/CS) DDR = 0: generic input Generic 
* P85 to P8, have DDR = 1 (reset value): CS, output input/ 
Schmitt inputs output 
P83/CS,/IRQ3, IRQ3 to IRQ, input, CS; to CS3 output, and generic input IRQ; to 
P8,/CS,/IRQ2, DDR = 0 (reset value): generic input IRQ 
P8,/CS3/IRQ, DDR = 1: CS, to CS, output input and 
P8)/RFSH/IRQg IRQb input, RFSH output, and generic input/output nate 
output 
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Table 9-1 Port Functions (1) (cont) 


Port Description 


Pins Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6/7 





Port 9 * 6-bit I/O port 


P9./SCK,/IRQs, Input and output (SCK,, SCKp, RxD;, RxD, TxD;, TxDo) for serial 
P9,/SCKo/IRQ4, communication interfaces 1 and 0 (SCI1/0), IRQs and IRQ, input, and 





P9./RxD,, 6-bit generic input/output 
P9./RxDo, 
P9,/TxD,, 
P9,/TxDo 
Port A * 8-bit I/O port PA7/TP2/ Output (TP7) Address output TPC output (TP), ITU input or 
* Schmitt inputs =TIOCBs/As9 from pro- (Azo) output (TIOCB.), and generic 
grammable input/output 


timing pattern 
controller (TPC), 
input or output 
(TIOCB.) for 
16-bit integrated 
timer-pulse unit 





(ITU), and 

generic input/ 

output 
PA,/TPe/ TPC output TPC output TPC output (TP, to TP4), ITU 
TIOCAd/Ao,, (TPg to TP,), (TPg to TP,), input and output (TIOCAs, 
PAs/TPs/ ITU input and ITU input and TIOCB,, TIOCA;), and generic 
TIOCB,/Azo, output (TIOCA,, output (TIOCA>, input/output 
PA,/TP,/ TIOCB,, TIOCB,, 


TIOCA4/Ao3 TIOCA;), and TIOCA;), 
generic input/ address output 
output (Ao3 to Ao), 

and generic 
input/output 





PA3/TP3/ TPC output (TP3 to TP), output (TEND,, TEND ) from DMA controller 
TIOCB,/TCLKD, (DMAC), ITU input and output (TCLKD, TCLKC, TCLKB, TCLKA, 
PA2/TPo/ TIOCBg, TIOCA,), and generic input/output 

TIOCA)/TCLKC, 

PA,/TP4/ 

TEND,/TCLKB, 

PAd/TPo/ 

TEND,)/TCLKA 





Port B « 8-bit I/O port 
* Can drive LEDs 
*, PB3 to PBo 
have Schmitt 
inputs 


PB7/TP45/ TPC output (TP;5 to TPg), DMAC input (DREQ,, DREQ,), trigger 
DREQ,/ADTRG, input (ADTRG) to A/D converter, ITU input and output (TOCXB,, 
PBe/TPy4/ TOCXA,, TIOCBy, TIOCA,, TIOCB3, TIOCAs), and 8-bit generic 
DREQ, input/output 

PB¢/TP43/ 
TOCXB,, 
PB,/TP45/ 
TOCXA,, 
PB,/TP 44/ 
TIOCB,, 
PBo/TP 49/ 
TIOCA,, 
PB,/TP,/TIOCBs, 
PBo/TP,/TIOCA, 
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9.2 Port 1 
9.2.1 Overview 


Port 1 is an 8-bit input/output port with the pin configuration shown in figure 9-1. The pin functions 
differ between the expanded modes with on-chip ROM disabled, expanded mode with on-chip 
ROM enabled, and single-chip modes. In modes 1 to 4 (expanded modes with on-chip ROM 
disabled), they are address bus output pins (A7 to Ao). 


In mode 5 (expanded mode with on-chip ROM enabled), settings in the port | data direction 
register (P1DDR) can designate pins for address bus output (A7 to Ag) or generic input. In modes 6 
and 7 (single-chip modes), port 1 is a generic input/output port. 


When DRAM is connected to area 3, A7 to Ag output row and column addresses in read and write 
cycles. For details see section 7, Refresh Controller. 


Pins in port 1 can drive one TTL load and a 90-pF capacitive load. They can also drive a darlington 
transistor pair. 








Port1 pins Modes1to4 Mode5 Modes 6 and 7 
t+ P17/A7 Az (output) P17 (input)/A7 (output) P17 (input/output) 
> Pig¢/Ag Ag (output) P1¢ (input)/Ag (output) Pt¢ (input/output) 
p+ P15/As5 As (output) P15 (input)/A; (output) P15 (input/output) 
hs P1y/A, Ag (output) P1, (input)/A, (output) Pt, (input/output) 

ee r+ P1,/A3 Az (output) P13 (input)/A (output) P13 (input/output) 
I+ Po/Ao Ap (output) P15 (input)/A» (output) Pt» (input/output) 
t#——> P1,/A, A, (output) P1, (input)/A, (output) P1, (input/output) 
<—— P10/Ag Ao (output) P19 (input)/Ay (output) P19 (input/output) 

















Figure 9-1 Port 1 Pin Configuration 
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9.2.2 Register Descriptions 
Table 9-2 summarizes the registers of port 1. 


Table 9-2 Port 1 Registers 











Initial Value 
Address* Name Abbreviation R/W Modes1to4 Modes 5 to 7 
H'FFCO Port 1 data direction register P1DDR Ww H'FF H'00 
H'FFC2 Port 1 data register P1iDR R/W H'00 H'00 





Note: * Lower 16 bits of the address. 


Port 1 Data Direction Register (P1DDR): P1DDR is an 8-bit write-only register that can select 
input or output for each pin in port 1. 



































Bit 7 6 5 4 3 2 1 0 

P17DDR| P1gDDR| P1sDDR|P14,DDR P13DDR|P12DDR/P1,;DDR/P1)DDR 
ae value 1 1 1 1 { 1 { { 
1t04 | Read/Write — = = = = _ _ 2 
seca value 0 0 0 0 0 0 0 0 
5107 | Read/Write W W W W Ww Ww W 





Port 1 data direction 7 to 0 
These bits select input or 
output for port 1 pins 


Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): P1DDR values are fixed at 1 
and cannot be modified. Port 1 functions as an address bus. 


Mode 5 (Expanded Mode with On-Chip ROM Enabled): A pin in port 1 becomes an address 
output pin if the corresponding P1DDR bit is set to 1, and a generic input pin if this bit is cleared 
to 0. 


Modes 6 and 7 (Single-Chip Modes): Port 1 functions as an input/output port. A pin in port | 


becomes an output pin if the corresponding P1DDR bit is set to 1, and an input pin if this bit is 
cleared to 0. 
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In modes 5 to 7, PIDDR is a write-only register. Its value cannot be read. All bits return 1 when 
read. 


PIDDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a PIDDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 


Port 1 Data Register (P1DR): P1DR is an 8-bit readable/writable register that stores data for pins 
Ply to Plo. 
































Bit 7 6 5 4 3 2 1 0 
P17 Pig P15 Ply P13 Pio Pt, Plo 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Port 1 data 7 to 0 
These bits store data for port 1 pins 


When a bit in PIDDR is set to 1, if port 1 is read the value of the corresponding P1DR bit is 
returned directly, regardless of the actual state of the pin. When a bit in P1DDR is cleared to 0, if 
port 1 is read the corresponding pin level is read. 


P1DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.2.3 Pin Functions in Each Mode 


The pin functions of port | differ between modes | to 4 (expanded modes with on-chip ROM 
disabled), mode 5 (expanded mode with on-chip ROM enabled), and modes 6 and 7 (single-chip 
modes). The pin functions in each mode are described below. 


Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): All pins of port 1 automatically 
become address output pins. Figure 9-2 shows the pin functions in modes | to 4. 











——» Az (output) 
h——* Ag (output) 
> Az (output) 
h+——> A, (output) 
Port 1 
> Az (output) 
h*—— > Ao (output) 
h*——> A, (output) 


> Ag (output) 














Figure 9-2 Pin Functions in Modes 1 to 4 (Port 1) 
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Mode 5 (Expanded Mode with On-Chip ROM Enabled): Address output or generic input can be 
selected for each pin in port 1. A pin becomes an address output pin if the corresponding P!1DDR 
bit is set to 1, and a generic input pin if this bit is cleared to 0. Following a reset, all pins are input 
pins. To use a pin for address output, its P1IDDR bit must be set to 1. Figure 9-3 shows the pin 
functions in mode 5. 





When P1DDR = 1 When P1DDR = 0 





——> Az (output) P17 (input) 
+> Ag (output) P1¢ (input) 
> As (output) P15 (input) 
h+—— A, (output) P1, (input) 
Port 1 
> Az (output) P13 (input) 
*—— Apo (output) P15 (input) 
<> _ A, (output) P1, (input) 
[*——_ Ao (output) P19 (input) 

















Figure 9-3 Pin Functions in Mode 5 (Port 1) 


Modes 6 and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
port 1. A pin becomes an output pin if the corresponding P1DDR bit is set to 1, and an input pin if 
this bit is cleared to 0. Figure 9-4 shows the pin functions in modes 6 and 7. 








h— P17 (input/output) 
—— P1¢ (input/output) 
h*—— P15 (input/output) 
h+—— P1, (input/output) 
Port 1 
H*—— P13 (input/output) 
h*—— >  P1o (input/output) 
*—— _ P1, (input/output) 


*——_ P19 (input/output) 

















Figure 9-4 Pin Functions in Modes 6 and 7 (Port 1) 
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9.3 Port 2 
9.3.1 Overview 
Port 2 is an 8-bit input/output port with the pin configuration shown in figure 9-5. 


In modes | to 4 (expanded modes with on-chip ROM disabled), port 2 consists of address bus 
output pins (Aj5 to Ag). In mode 5 (expanded mode with on-chip ROM enabled), settings in the 
port 2 data direction register (P2DDR) can designate pins for address bus output (A;5 to Ag) or 
generic input. In modes 6 and 7 (single-chip modes), port 2 is a generic input/output port. 


When DRAM is connected to area 3, Ag and Ag output row and column addresses in read and write 
cycles. For details see section 7, Refresh Controller. 


Port 2 has software-programmable built-in pull-up transistors. Pins in port 2 can drive one TTL 
load and a 90-pF capacitive load. They can also drive a darlington transistor pair. 








Port2 pins Modes1to4 Mode5 Modes 6 and 7 


hs P27/Ai5 Ais (output) P27 (input)/A;5 (output) P27 (input/output) 
> P26/Ay4 Ai4 (output) P2g¢ (input)/A;4 (output) P2g¢ (input/output) 
h+——* P2s/A13 A413 (output) P2z (input)/A,3 (output) P25 (input/output) 
Ph P2y/Ayo Aye (output) P2, (input)/A;>5 (output) P2, (input/output) 
pee r+ P23/A1; A,4 (output) P23 (input)/A,, (output) P23 (input/output) 
+ P25/Ai Aig (output) P25 (input)/A;g (output) P2> (input/output) 
js P21/Ag Ag (output) P2, (input)/Ag (output) P2, (input/output) 
[<> P2)/Ag Ag (output) P29 (input)/Ag (output) P25 (input/output) 








Figure 9-5 Port 2 Pin Configuration 
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9.3.2 Register Descriptions 
Table 9-3 summarizes the registers of port 2. 


Table 9-3 Port 2 Registers 











Initial Value 
Address* Name Abbreviation R/W Modes1to4 Modes 5 to 7 
H'FFC1 Port 2 data direction register P2DDR Ww H'FF H'00 
H'FFC3 Port 2 data register P2DR R/W H'00 H'00 
H'FFD8 Port 2 input pull-up control register P2PCR R/W_ H'00 H'00 


Note: * Lower 16 bits of the address. 


Port 2 Data Direction Register (P2DDR): P2DDR is an 8-bit write-only register that can select 
input or output for each pin in port 2. 



































Bit 7 6 5 4 3 2 1 0 
P27DDR| P2gDDR| P2sDDR| P24DDR|P23DDR /|P2.DDR|P2;DDR|P2)DDR 
eee ie value 1 1 1 1 { { { { 
1to4 | Read/Write — = = = _ = -_ = 
SNe value 0 0 0 0 0 0 0 0 
5107 Read/Write W W Ww Ww Ww Ww W Ww 





Port 2 data direction 7 to 0 
These bits select input or 
output for port 2 pins 


Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): P2DDR values are fixed at 1 
and cannot be modified. Port 2 functions as an address bus. 


Mode 5 (Expanded Mode with On-Chip ROM Enabled): A pin in port 2 becomes an address 
output pin if the corresponding P2DDR bit is set to 1, and a generic input pin if this bit is cleared 
to 0. 


Modes 6 and 7 (Single-Chip Modes): Port 2 functions as an input/output port. A pin in port 2 


becomes an output pin if the corresponding P2DDR bit is set to 1, and an input pin if this bit is 
cleared to 0. 
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In modes 5 to 7, P2DDR is a write-only register. Its value cannot be read. All bits return 1 when 
read. 


P2DDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a P2DDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 


Port 2 Data Register (P2DR): P2DR is an 8-bit readable/writable register that stores data for pins 
P2, to P2o. 






































Bit 7 6 5 4 3 2 1 0 
P27 P26 P25 P24 P23 P25 P2, P29 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Port 2 data 7 to 0 


These bits store data for port 2 pins 


When a bit in P2DDR is set to 1, if port 2 is read the value of the corresponding P2DR bit is 
returned directly, regardless of the actual state of the pin. When a bit in P2DDR is cleared to 0, if 
port 2 is read the corresponding pin level is read. 


P2DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 


Port 2 Input Pull-Up Control Register (P2PCR): P2PCR is an 8-bit readable/writable register 
that controls the MOS input pull-up transistors in port 2. 





























Bit 7 6 5 4 3 2 1 0 
P27PCR| P2gPCR| P25PCR| P24PCR|P23PCR|P22PCR | P2;PCR|P2)>PCR 

Initial value 0 0 0 0 0 0 0 0 

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 











Port 2 input pull-up control 7 to 0 
These bits control input pull-up 
transistors built into port 2 


In modes 5 to 7, when a P2DDR bit is cleared to 0 (selecting generic input), if the corresponding bit 
from P27PCR to P29PCR is set to 1, the input pull-up transistor is turned on. 


P2PCR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.3.3, Pin Functions in Each Mode 


The pin functions of port 2 differ between modes | to 4 (expanded modes with on-chip ROM 
disabled), mode 5 (expanded mode with on-chip ROM enabled), and modes 6 and 7 (single-chip 
modes). The pin functions in each mode are described below. 


Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): All pins of port 2 automatically 
become address output pins. Figure 9-6 shows the pin functions in modes | to 4. 








-——* Aj5 (output) 
t———* Aj, (output) 
t+——— Aj (output) 
t——— Aj» (output) 
Port 2 
t——— Aj, (output) 
-——— Ajo (output) 
[———* Ag (output) 


[—— Ag _ (output) 

















Figure 9-6 Pin Functions in Modes 1 to 4 (Port 2) 
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Mode 5 (Expanded Mode with On-Chip ROM Enabled): Address output or generic input can be 
selected for each pin in port 2. A pin becomes an address output pin if the corresponding P2DDR 
bit is set to 1, and a generic input pin if this bit is cleared to 0. Following a reset, all pins are input 
pins. To use a pin for address output, its P2DDR bit must be set to 1. Figure 9-7 shows the pin 
functions in mode 5. 








When P2DDR = 1 When P2DDR = 0 


h—— Aj5 (output) P27 (input) 
> Aj, (output) P2g (input) 
h+——* Aj (output) P2. (input) 
h+—— Ajo (output) P2, (input) 
Port 2 
h—— Ay; (output) P23 (input) 
*——> Ajo (output) P25 (input) 
[<——_ Ag (output) P2, (input) 
[*——_ Ag (output) P29 (input) 














Figure 9-7 Pin Functions in Mode 5 (Port 2) 


Modes 6 and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
port 2. A pin becomes an output pin if the corresponding P2DDR bit is set to 1, and an input pin if 
this bit is cleared to 0. Figure 9-8 shows the pin functions in modes 6 and 7. 








——> P2z, (input/output) 
+  P2, (input/output) 
h+——*  P2z (input/output) 
hs P2, (input/output) 
Port 2 
+ P23 (input/output) 
Pt—— P2b (input/output) 
P*——  P2, (input/output) 


[*——_ P2p (input/output) 








Figure 9-8 Pin Functions in Modes 6 and 7 (Port 2) 
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9.3.4 Input Pull-Up Transistors 


Port 2 has built-in MOS input pull-up transistors that can be controlled by software. These input 
pull-up transistors can be used in modes 5 to 7. They can be turned on and off individually. 


In modes 5 to 7, when a P2PCR bit is set to 1 and the corresponding P2DDR bit is cleared to 0, the 
input pull-up transistor is turned on. 


The input pull-up transistors are turned off by a reset and in hardware standby mode. In software 
standby mode they retain their previous state. 


Table 9-4 summarizes the states of the input pull-up transistors. 


Table 9-4 Input Pull-Up Transistor States (Port 2) 


Mode Reset Hardware Standby Mode Software Standby Mode Other Modes 





Off Off Off Off 





Off Off On/off On/off 


NOOO) BRWD = 


Legend 
Off: The input pull-up transistor is always off. 
On/off: The input pull-up transistor is on if P2PCR = 1 and P2DDR = 0. Otherwise, it is off. 
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9.4 Port 3 


9.4.1 Overview 


Port 3 is an 8-bit input/output port with the pin configuration shown in figure 9-9. Port 3 is a data 
bus in modes | to 5 (expanded modes) and a generic input/output port in modes 6 and 7 (single- 


chip modes). 


Pins in port 3 can drive one TTL load and a 90-pF capacitive load. They can also drive a darlington 


transistor pair. 








Port 3 pins 





—_—__ P37/D45 
_——_r P3,_/D44 
—_ P35/Di3 
SS P34/D40 
Port 3 
——_. P33/D14 
a P35/Dio 
oe P3,/Dg 


—_—=— P39/Dg 











Figure 9-9 Port 3 Pin Configuration 


9.4.2 Register Descriptions 


Table 9-5 summarizes the registers of port 3. 


Table 9-5 Port 3 Registers 


Modes 1 to 5 


D,5 (input/output) 
D,4 (input/output) 
D3 (input/output) 
Dy. (input/output) 
D,, (input/output) 
Dj9 (input/output) 
Dg (input/output) 
Dg (input/output) 


Modes 6 and 7 


P37 (input/output) 
P3, (input/output) 
P35 (input/output) 
P3, (input/output) 
P33 (input/output) 
P35 (input/output) 
P3, (input/output) 
P39 (input/output) 








Address* Name Abbreviation R/W Initial Value 
H'FFC4 Port 3 data direction register P3DDR WwW H'00 
H'FFC6 Port 3 data register P3DR R/W H'00 





Note: * Lower 16 bits of the address. 
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Port 3 Data Direction Register (P3DDR): P3DDR is an 8-bit write-only register that can select 


input or output for each pin in port 3. 
































Bit 7 6 5 4 3 2 1 0 
P37DDR| P3gDDR| P35DDR| P34DDR|P33DDR}P32DDR | P3;DDR/P39DDR 

Initial value 0 0 0 0 0 0 0 0 

Read/Write WwW W W WwW W W WwW W 








Port 3 data direction 7 to 0 
These bits select input or output for port 3 pins 


Modes 1 to 5 (Expanded Modes): Port 3 functions as a data bus. P3DDR is ignored. 


Modes 6 and 7 (Single-Chip Modes): Port 3 functions as an input/output port. A pin in port 3 
becomes an output pin if the corresponding P3DDR bit is set to 1, and an input pin if this bit is 
cleared to 0. 


P3DDR is a write-only register. Its value cannot be read. All bits return | when read. 


P3DDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a P3DDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 


Port 3 Data Register (P3DR): P3DR is an 8-bit readable/writable register that stores data for pins 
P37 to P30. 









































Bit 7 6 5 4 3 2 1 0 
P37 P36 P35 P34 P33 P30 P34 P39 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Port 3 data 7 to 0 


These bits store data for port 3 pins 


When a bit in P3DDR is set to 1, if port 3 is read the value of the corresponding P3DR bit is 
returned directly, regardless of the actual state of the pin. When a bit in P3DDR is cleared to 0, if 
port 3 is read the corresponding pin level is read. 


P3DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.4.3 Pin Functions in Each Mode 


The pin functions of port 3 differ between modes | to 5 (expanded modes), and modes 6 and 7 
(single-chip modes). The pin functions in each mode are described below. 


Modes 1 to 5 (Expanded Modes): All pins of port 3 automatically become data input/output pins. 
Figure 9-10 shows the pin functions in modes | to 5. 








—— Djs (input/output) 
P+ Dy, (input/output) 
h+—— Dy3 (input/output) 
+——  Dyjpo (input/output) 
Port 3 
+ Dy, (input/output) 
+ Dj (input/output) 
P+ Dg (input/output) 


> Dg (input/output) 








Figure 9-10 Pin Functions in Modes 1 to 5 (Port 3) 


Modes 6 and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
port 3. A pin becomes an output pin if the corresponding P3DDR bit is set to 1, and an input pin if 
this bit is cleared to 0. Figure 9-11 shows the pin functions in modes 6 and 7. 








h+—— P3- (input/output) 
hH+——*  P3g (input/output) 
h+——* P93, (input/output) 
h*—— P32, (input/output) 
Port 3 
h+—— P33 (input/output) 
*—— P35 (input/output) 
*—— _ P3, (input/output) 


*——_ P3q (input/output) 














Figure 9-11 Pin Functions in Modes 6 and 7 (Port 3) 
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9.5 Port 4 
9.5.1 Overview 


Port 4 is an 8-bit input/output port with the pin configuration shown in figure 9-12. The pin 
functions differ between the 8-bit bus modes and modes 6 and 7 (single-chip modes), and the 16-bit 
bus modes. 


In modes 1 to 5 (expanded modes), when the bus width control register (ABWCR) designates areas 
0 to 7 all as 8-bit-access areas, the chip operates in 8-bit bus mode and port 4 is a generic 
input/output port. When at least one of areas 0 to 7 is designated as a 16-bit-access area, the chip 
operates in 16-bit bus mode and port 4 becomes part of the data bus. In modes 6 and 7 (single-chip 
modes), port 4 is a generic input/output port. 


Port 4 has software-programmable built-in pull-up transistors. 


Pins in port 4 can drive one TTL load and a 90-pF capacitive load. They can also drive a darlington 
transistor pair. 








Port 4 pins 8-bit bus mode “1 16-bit bus mode*2 
and modes 6 and 7 
~+——» P4,/Dz P4, (input/output) Dz (input/output) 
H+ P4,/Dg P4g, (input/output) Dg (input/output) 
hr+—— P4./D5 P45 (input/output) Ds (input/output) 
h—— P4,/Dy P4, (input/output) D, (input/output) 
Port 4 
+—— P4./D3 P43 (input/output) D3 (input/output) 
*—— P4,/Do P45 (input/output) Dp» (input/output) 
> P4,/D, P4, (input/output) D, (input/output) 
[*——*  P4)/Do P49 (input/output) Do (input/output) 











Notes: 1. Initial state in modes 1, 3, and 5. 
2. Initial state in modes 2 and 4. 








Figure 9-12 Port 4 Pin Configuration 
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9.5.2 Register Descriptions 
Table 9-6 summarizes the registers of port 4. 


Table 9-6 Port 4 Registers 











Address* Name Abbreviation R/W Initial Value 
H'FFC5 Port 4 data direction register P4DDR WwW H'00 
H'FFC7 Port 4 data register P4DR R/W H'00 
H'FFDA Port 4 input pull-up control register P4PCR R/W H'00 





Note: * Lower 16 bits of the address. 


Port 4 Data Direction Register (P4DDR): P4DDR is an 8-bit write-only register that can select 
input or output for each pin in port 4. 
































Bit 7 6 5 4 3 2 1 0 
P47DDR) P4gDDR| P4sDDR/) P44DDR|P43DDR /P42DDR | P4;DDR|P4)9DDR 

Initial value 0 0 0 0 0 0 0 0 

Read/Write W W W W W W WwW W 








Port 4 data direction 7 to 0 
These bits select input or output for port 4 pins 


8-Bit Bus Mode in Modes 1 to 5 (Expanded Modes): When all areas are designated as 
8-bit-access areas, selecting 8-bit bus mode, port 4 functions as a generic input/output port. A pin in 
port 4 becomes an output pin if the corresponding P4DDR bit is set to 1, and an input pin if this bit 
is cleared to 0. 


16-Bit Bus Mode in Modes 1 to 5 (Expanded Modes): When at least one area is designated as a 
16-bit-access area, selecting 16-bit bus mode, port 4 functions as part of the data bus. 


Modes 6 and 7 (Single-Chip Modes): Port 4 functions as an input/output port. A pin in port 4 
becomes an output pin if the corresponding P4DDR bit is set to 1, and an input pin if this bit is 
cleared to 0. 


P4DDR is a write-only register. Its value cannot be read. All bits return 1 when read. 


P4DDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 


257 


ABWCR and P4DDR are not initialized in software standby mode. When port 4 functions as a 
generic input/output port, if a P4DDR bit is set to 1, the corresponding pin maintains its output state 
in software standby mode. 


Port 4 Data Register (P4DR): P4DR is an 8-bit readable/writable register that stores data for pins 






































P4, to P4o. 
Bit 7 6 5 4 3 2 1 0 
P47 P46 P45, P44 P43 P45 P4, P49 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Port 4 data 7 to 0 


These bits store data for port 4 pins 


When a bit in P4DDR is set to 1, if port 4 is read the value of the corresponding P4DR bit is 
returned directly, regardless of the actual state of the pin. When a bit in P4DDR is cleared to 0, if 
port 4 is read the corresponding pin level is read. This applies in both 8-bit and 16-bit bus modes. 


P4DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 


Port 4 Input Pull-Up Control Register (P4PCR): P4PCR is an 8-bit readable/writable register 
that controls the MOS input pull-up transistors in port 4. 





























Bit 7 6 5 4 3 2 1 0 
P47PCR| P4gPCR) P45PCR| P44PCR|P43PCR|P42PCR | P4;PCR|P4)9PCR 

Initial value 0 0 0 0 0 0 0 0 

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 











Port 4 input pull-up control 7 to 0 
These bits control input pull-up transistors built into port 4 


In modes 6 and 7 (single-chip modes), and in 8-bit bus mode in modes | to 5 (expanded modes), 
when a P4DDR bit is cleared to 0 (selecting generic input), if the corresponding P4PCR bit is set 
to 1, the input pull-up transistor is turned on. 


P4PCR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.5.3 Pin Functions in Each Mode 


The functions of port 4 differ depending on whether 8-bit or 16-bit bus mode is selected by 
ABWCR settings. The pin functions in each mode are described below. 


8-Bit Bus Mode in Modes 1 to 5 (Expanded Modes): Input or output can be selected separately 
for each pin in port 4. A pin becomes an output pin if the corresponding P4DDR bit is set to 1 and 
an input pin if this bit is cleared to 0. Figure 9-13 shows the pin functions in 8-bit bus mode. This is 
the initial state in modes 1, 3, and 5. 











~—— P4, (input/output) 
P+  P4g (input/output) 
> P4z (input/output) 
h+—— P4, (input/output) 
Port 4 
I P43 (input/output) 
P+—— > P4bo (input/output) 
P*——  P4, (input/output) 


[*——_ P4p (input/output) 














Figure 9-13 Pin Functions in 8-Bit Bus Mode (Port 4) 
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16-Bit Bus Mode in Modes 1 to 5 (Expanded Modes): The input/output settings in P4DDR are 
ignored. All pins of port 4 automatically become data input/output pins. Figure 9-14 shows the pin 
functions in 16-bit bus mode. This is the initial state in modes 2 and 4. 








h*+——> D7 (input/output) 
r+——_ Dg (input/output) 
r<——_ Ds (input/output) 
*——_ D, (input/output) 
Port 4 
——_ Dg (input/output) 
*——_ Dp (input/output) 
*——_ D,_ (input/output) 


*——_ Do (input/output) 

















Figure 9-14 Pin Functions in 16-Bit Bus Mode (Port 4) 


Modes 6 and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
port 4. A pin becomes an output pin if the corresponding P4DDR bit is set to 1 and an input pin if 
this bit is cleared to 0. Figure 9-15 shows the pin functions in modes 6 and 7. 








Kk» P4, (input/output) 
> P4, (input/output) 
——> P4, (input/output) 
I—— P4, (input/output) 
Port 4 

+ P4, (input/output) 
I P4, (input/output) 
+ P4, (input/output) 


[*——_ P49 (input/output) 

















Figure 9-15 Pin Functions in Modes 6 and 7 (Port 4) 
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9.5.4 Input Pull-Up Transistors 


Port 4 has built-in MOS input pull-up transistors that can be controlled by software. These input 
pull-up transistors can be used in modes 6 and 7 (single-chip modes) and in 8-bit bus mode in 
modes | to 5 (expanded modes). They can be turned on and off individually. 


In modes 6 and 7 and in 8-bit bus mode in modes 1 to 5, when a P4PCR bit is set to 1 and the 
corresponding P4DDR bit is cleared to 0, the input pull-up transistor is turned on. 


The input pull-up transistors are turned off by a reset and in hardware standby mode. In software 
standby mode they retain their previous state. 


Table 9-7 summarizes the states of the input pull-ups in the 8-bit and 16-bit bus modes. 


Table 9-7 Input Pull-Up Transistor States (Port 4) 

















Hardware Software 
Mode Reset Standby Mode Standby Mode Other Modes 
1to5 8-bit bus mode Off Off On/off On/off 
16-bit bus mode Off Off 
6,7 On/off On/off 





Legend 
Off: The input pull-up transistor is always off. 
On/off: The input pull-up transistor is on if P4PCR = 1 and P4DDR = 0. Otherwise, it is off. 
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9.6 Port 5 
9.6.1 Overview 


Port 5 is a 4-bit input/output port with the pin configuration shown in figure 9-16. The pin functions 
differ depending on the operating mode. 


In modes | to 4 (expanded modes with on-chip ROM disabled), port 5 consists of address output 

pins. In mode 5 (expanded mode with on-chip ROM enabled), settings in the port 5 data direction 
register (PSDDR) designate pins for address bus output (Aj9 to Aj¢) or generic input. In modes 6 
and 7 (single-chip modes), port 5 is a generic input/output port. 


Port 5 has software-programmable built-in pull-up transistors. 


Pins in port 5 can drive one TTL load and a 90-pF capacitive load. They can also drive a LED or a 
darlington transistor pair. 








Port 5 Modes 1 to 4 Mode 5 Modes 6 and 7 
pins 
> P53/Ai9 Ajg (output) P53 (input)/A;g (output) P5g (input/output) 
i P55/A48 Aj4g (output) P55 (input)/A;g (output) P5» (input/output) 
on *——*_ P5,/A47 A,7 (output) P5, (input)/A,7 (output) P5, (input/output) 
+ P5,/Ai6 Aj4g (output) P5o (input)/A;, (output) P5g (input/output) 














Figure 9-16 Port 5 Pin Configuration 
9.6.2 Register Descriptions 
Table 9-8 summarizes the registers of port 5. 


Table 9-8 Port 5 Registers 

















Initial Value 
Address* Name Abbreviation R/W Modes1to4 Modes 5 to 7 
H'FFC8 Port 5 data direction register P5DDR Ww H'FF H'FO 
H'FFCA Port 5 data register P5DR R/W H'FO H'FO 
H'FFDB Port 5 input pull-up control register P5PCR R/W_ H'FO H'FO 


Note: * Lower 16 bits of the address. 
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Port 5 Data Direction Register (PSDDR): PS5DDR is an 8-bit write-only register that can select 
input or output for each pin in port 5. 



































Bit 7 6 5 4 3 2 1 0 
_ = = = P53DDR/)P52DDR | P5,DDR)P5 9DDI 
Modes | Initial value 1 1 { 1 1 1 ; 
1104 Read/Write — = _ = _ - is = 
Modes Initial value 1 1 { { 0 0 0 ‘ 
5to7 l Read/Write — = = a Ww W a 1 
Reserved ae Port 5 data an 3to0 


These bits select input or 
output for port 5 pins 


Modes 1 to 4: PSDDR values are fixed at 1 and cannot be modified. Port 5 functions as an address 
bus. The reserved bits (P57DDR to P54DDR) are also fixed at 1. 


Modes 5 to 7: PSDDR is a write-only register. Its value cannot be read. All bits return 1 when read. 


PSDDR is initialized to H'FO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a PSDDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 


Port 5 Data Register (PS5DR): PSDR is an 8-bit readable/writable register that stores data for pins 
P53 to P5o. 






































Bit 7 6 5 4 3 2 1 0 
—_— = —_— —_— P53 P55 P54 P59 
Initial value 1 1 1 1 0 0 0 0 
Read/Write — — — — R/W R/W R/W R/W 
| 
Reserved bits Port 5 data 3 to 0 


These bits store data 
for port 5 pins 


When a bit in PSDDR is set to 1, if port 5 is read the value of the corresponding P5DR bit is 
returned directly, regardless of the actual state of the pin. When a bit in PSDDR is cleared to 0, if 
port 5 is read the corresponding pin level is read. 


Bits P57 to P54 are reserved. They can be written and read, but they cannot be used for port input or 
output. 
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PSDR is initialized to H'FO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 


Port 5 Input Pull-Up Control Register (P5PCR): P5PCR is an 8-bit readable/writable register 
that controls the MOS input pull-up transistors in port 5. 






































Bit 7 6 5 4 3 2 1 0 
— — — — P53PCR|P52PCR | P5;PCR|P5)PCR 
Initial value 1 1 1 1 0 0 0 0 
Read/Write — — — — R/W R/W R/W R/W 
| 
Reserved bits Port 5 input pull-up control 3 to 0 


These bits control input pull-up 
transistors built into port 5 


In modes 5 to 7, when a PSDDR bit is cleared to 0 (selecting generic input), if the corresponding bit 
from P53PCR to P59PCR is set to 1, the input pull-up transistor is turned on. 


PSPCR is initialized to H'FO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 


9.6.3 Pin Functions in Each Mode 


The functions of port 5 differ between modes | to 4 (expanded modes with on-chip ROM disabled), 
mode 5 (expanded mode with on-chip ROM enabled), and modes 6 and 7 (single-chip modes). The 
pin functions in each mode are described below. 


Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): All pins of port 5 automatically 
become address output pins. Figure 9-17 shows the pin functions in modes | to 4. 








[> Ajg (Output) 
-———_ Ajg (output) 
Port 5 
[——_ Aq7 (output) 


[> Ajg (Output) 

















Figure 9-17 Pin Functions in Modes 1 to 4 (Port 5) 
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Mode 5 (Expanded Mode with On-Chip ROM Enabled): Address output or generic input can be 
selected for each pin in port 5. A pin becomes an address output pin if the corresponding PSDDR 
bit is set to 1, and a generic input pin if this bit is cleared to 0. Figure 9-18 shows the pin functions 
in mode 5. 


When P5DDR = 1 When P5DDR = 0 





[*——  Ajg (output) P53 (input) 

[*—— Aig (output) P55 (input) 
Port 5 

[*——*_ Aq7 (output) P54 (input) 

*——_ Aig (output) P5 (input) 

















Figure 9-18 Pin Functions in Mode 5 (Port 5) 


Modes 6 and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
port 5. A pin becomes an output pin if the corresponding PSDDR bit is set to 1, and an input pin if 
this bit is cleared to 0. Figure 9-19 shows the pin functions in modes 6 and 7. 








[*——_ P5g (input/output) 
[<——  P5p (input/output) 
Port 5 
<——_ P5, (input/output) 


P+ ——_ P5q (input/output) 














Figure 9-19 Pin Functions in Modes 6 and 7 (Port 5) 
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9.6.4 Input Pull-Up Transistors 


Port 5 has built-in MOS pull-up transistors that can be controlled by software. These input pull-up 
transistors can be used in modes 5 to 7. They can be turned on and off individually. 


In modes 5 to 7, when a P5PCR bit is set to 1 and the corresponding PSDDR bit is cleared to 0, the 
input pull-up transistor is turned on. 


The input pull-up transistors are turned off by a reset and in hardware standby mode. In software 
standby mode they retain their previous state. 


Table 9-9 summarizes the states of the input pull-ups in each mode. 


Table 9-9 Input Pull-Up Transistor States (Port 5) 


Mode Reset Hardware Standby Mode Software Standby Mode Other Modes 








1 Off Off Off Off 

2 

3 

4 

5 Off Off On/off On/off 
6 

7 

Legend 

Off: The input pull-up transistor is always off. 


On/off: The input pull-up transistor is on if P5PCR = 1 and P5DDR = 0. Otherwise, it is off. 
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9.7 Port 6 
9.7.1 Overview 


Port 6 is a 7-bit input/output port that is also used for input and output of bus control signals (LWR, 
HWR, RD, AS, BACK, BREQ, and WAIT). When DRAM is connected to area 3, LWR, HWR, 
and RD also function as LW, UW, and CAS, or LCAS, UCAS, and WE, respectively. For details 
see section 7, Refresh Controller. 


Figure 9-20 shows the pin configuration of port 6. In modes | to 5 (expanded modes) the pins 
functions are LWR, HWR, RD, AS, P6,/BACK, P6,;/BREQ, and P6)/WAIT. In modes 6 and 7 
(single-chip modes) port 6 is a generic input/output port. 


Pins in port 6 can drive one TTL load and a 30-pF capacitive load. They can also drive a darlington 
transistor pair. 





Port 6 pins Modes 1 to 5 Modes 6 and 7 
(expanded modes) (single-chip modes) 
> P6_,/LWR LWR_ (output)  P6¢ (input/output) 
~~ P65/HWR HWR (output)  P6z (input/output) 
*——* P6,/RD RD (output) P64, (input/output) 
Port6 ~——» P6,/AS AS (output) P63 (input/output) 


[~——* P65/ BACK P65 (input/output)/ BACK (output) P65 (input/output) 
*——* P6,/BREQ  P6, (input/output)/ BREQ (input) P6, (input/output) 
> P6)/ WAIT P6,q (input/output)/ WAIT (input) P69 (input/output) 

















Figure 9-20 Port 6 Pin Configuration 
9.7.2 Register Descriptions 
Table 9-10 summarizes the registers of port 6. 


Table 9-10 Port 6 Registers 








Initial Value 
Address* Name Abbreviation R/W ‘Modes 1to5 _ 
H'FFC9 Port 6 data direction register P6DDR W H'80 
H'FFCB Port 6 data register P6DR R/W H'80 


Note: * Lower 16 bits of the address. 
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Port 6 Data Direction Register (P6DDR): P6DDR is an 8-bit write-only register that can select 
input or output for each pin in port 6. 






































Bit 7 6 5 4 3 2 1 0 
— P6.DDR| P65DDR| P6,DDR| P63DDR|P62DDR | P6;DDR|P69DDR 
Initial value 1 0 0 0 0 0 0 0 
Read/Write — WwW Ww WwW WwW WwW Ww Ww 
| | 
Reserved bit Port 6 data direction 6 to 0 


These bits select input or output for port 6 pins 


Modes 1 to 5 (Expanded Modes): P6¢ to P63 function as bus control output pins (LWR, HWR, 
RD, AS). P6, to P6p are generic input/output pins, functioning as output pins when bits P6,DDR to 
P6 DDR are set to 1 and input pins when these bits are cleared to 0. 


Modes 6 and 7 (Single-Chip Modes): Port 6 is a generic input/output port. A pin in port 6 
becomes an output pin if the corresponding P6DDR bit is set to 1, and an input pin if this bit is 
cleared to 0. Bit 7 is reserved. 


P6DDR is a write-only register. Its value cannot be read. All bits return | when read. 


P6DDR is initialized to H'80 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a PoDDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 


Port 6 Data Register (P6DR): P6DR is an 8-bit readable/writable register that stores data for pins 
P6, to P6o. 






































Bit 7 6 5 4 3 2 1 0 
— P66 P65 P64 P63 P60 P64 P69 
Initial value 1 0 0 0 0 0 0 0 
Read/Write —_— R/W R/W R/W R/W R/W R/W R/W 
| | 
Reserved bit Port 6 data 6 to 0 


These bits store data for port 6 pins 


When a bit in PoODDR is set to 1, if port 6 is read the value of the corresponding P6DR bit is 
returned directly. When a bit in PODDR is cleared to 0, if port 6 is read the corresponding pin level 
is read, except for bit 7 which reads |. Bit 7 is reserved, cannot be modified, and always reads 1. 


P6DR is initialized to H'80 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.7.3 Pin Functions in Each Mode 


Modes 1 to 5 (Expanded Modes): P6¢ to P63 function as bus control output pins. P6y to P69 are 
either bus control input/output pins or generic input/output pins, functioning as output pins when 
bits P6,DDR to P6gDDR are set to | and input pins when these bits are cleared to 0. Figure 9-21 
and table 9-11 indicate the pin functions in modes | to 5. 








t+» LWR (output) 
I> HWR (output) 
-———*> RD (output) 
Port6 |——> AS (output) 


[*——_ P65 (input/output)/ BACK (output) 
*——_ P6, (input/output)/ BREQ (input) 
*——_ P6 (input/output)/ WAIT (input) 








Figure 9-21 Pin Functions in Modes 1 to 5 (Port 6) 
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Table 9-11 Port 6 Pin Functions in Modes 1 to 5 




















































































































Pin Pin Functions and Selection Method 
P6,/LWR Functions as follows regardless of P6gDDR 
P6g,DDR 0 1 
Pin function LWR output 
P6;/HWR Functions as follows regardless of P6;DDR 
P6;DDR 0 1 
Pin function HWR output 
P6,/RD Functions as follows regardless of P6é,DDR 
P6,DDR 0 1 
Pin function RD output 
P6,/AS Functions as follows regardless of P6,DDR 
P63;DDR 0 1 
Pin function AS output 
P6,/BACK Bit BRLE in BRCR and bit P62,DDR select the pin function as follows 
BRLE 0 1 
P6,DDR 0 1 = 
Pin function P65 input P65 output BACK output 
P6,/BREQ Bit BRLE in BRCR and bit P6,DDR select the pin function as follows 
BRLE 0 1 
P6,DDR 0 1 — 
Pin function P6, input P6, output BREQ input 
P6),/WAIT Bits WCE7 to WCEO in WCER, bit WMS1 in WCR, and bit P69DDR select the 


pin function as follows 





























WCER All 1s Not all 1s 
WMS1 0 1 — 
P6,DDR 0 1 0* 0* 
Pin function P6p input P6p output WAIT input 





Note: * Do not set bit P6gDDR to 1. 
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Modes 6 and 7 (Single-Chip Modes): Input or output can be selected separately for each pin in 
port 6. A pin becomes an output pin if the corresponding P6DDR bit is set to 1, and an input pin if 
this bit is cleared to 0. Figure 9-22 shows the pin functions in modes 6 and 7. 











[<——_ P6g (input/output) 
[~——_ P6, (input/output) 
I*—— _ P6, (input/output) 
Port6 ~—— P6, (input/output) 
[*——_ P65 (input/output) 
i P6, (input/output) 


[*——_ P6 (input/output) 














Figure 9-22 Pin Functions in Modes 6 and 7 (Port 6) 
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9.8 Port 7 
9.8.1 Overview 


Port 7 is an 8-bit input port that is also used for analog input to the A/D converter and analog output 
from the D/A converter. The pin functions are the same in all operating modes. Figure 9-23 shows 
the pin configuration of port 7. 





Port 7 pins 





h—— P77 (input)/AN 7 (input)/DA ; (output) 
~—— P7g (input)/ANg (input)/DA 9 (output) 
———  P7s (input)/ANg (input) 

———  P7, (input)/AN , (input) 

Port 7 
*———  P7z (input)/AN 3 (input) 
+  P7, (input)/AN » (input) 
*———  P7, (input)/AN, (input) 
+ P7g (input)/AN 9 (input) 

















Figure 9-23 Port 7 Pin Configuration 
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9.8.2 Register Description 


Table 9-12 summarizes the port 7 register. Port 7 is an input-only port, so it has no data direction 
register. 


Table 9-12 Port 7 Data Register 


Address* Name Abbreviation R/W Initial Value 





H'FFCE Port 7 data register P7DR R Undetermined 





Note: * Lower 16 bits of the address. 


Port 7 Data Register (P7DR) 



































Bit 7 6 5 4 3 2 1 0 
P77 P75 P75 P74 P73 P75 P7, P7o 

Initial value —* —* —* —* —* —_* = —_* 

Read/Write R R R R R R R R 


Note: * Determined by pins P77 to P7. 


When port 7 is read, the pin levels are always read. 
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9.9 Port 8 


9.9.1 Overview 


Port 8 is a 5-bit input/output port that is also used for CS3 to CSp output, RFSH output, and IRQ; to 
IRQp input. Figure 9-24 shows the pin configuration of port 8. 





In modes | to 5 (expanded modes), the additional functions of port 8 are CS3 to CSg output, RFSH 
output, and IRQ3 to IRQ input. In modes 6 and 7 (single-chip modes), the additional functions of 
port 8 are IRQ3 to IRQg input. 











Pins in port 8 can drive one TTL load and a 90-pF capacitive load. They can also drive a darlington 
transistor pair. Pins P85 to P8, have Schmitt-trigger inputs. 








Port 8 pins Pin functions in modes 1 to 5 
(expanded modes) 


——— P8,4/CSo P8, (input)/CS_ (output) 

I P8,/CS,/IRQ3 P83 (input)/CS, (output)/IRQ3 (input) 

Port8 }*—— P85/CSo/IRQ» P85 (input)/CS» (output)/IRQz» (input) 
> P8,/CS3/IRQ, P8, (input)/CS3 (output)/IRQ, (input) 
Ih P8)/RFSH/IRQ) P89 (input/output)/ RFSH (output)/IRQ, (input) 








Pin functions in modes 6 and 7 
(single-chip modes) 





P8,/(input/output) 

P83/(input/output)/ IRQ (input) 
P85/(input/output)/IRQ> (input) 
P8,/(input/output)/ IRQ, (input) 
P8)/(input/output)/ IRQ g (input) 








Figure 9-24 Port 8 Pin Configuration 
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9.9.2 Register Descriptions 
Table 9-13 summarizes the registers of port 8. 


Table 9-13 Port 8 Registers 








Initial Value 
Address* Name Abbreviation R/W Mode1to4 Mode 5to7 
H'FFCD Port 8 data direction P8DDR WwW H'FO H'EO 
register 
H'FFCF Port 8 data register P8DR R/W H'EO H'EO 


Note: * Lower 16 bits of the address. 


Port 8 Data Direction Register (P8DDR): P8DDR is an 8-bit write-only register that can select 
input or output for each pin in port 8. 






































Bit 7 6 5 4 3 p 1 0 

= = — |P8,DDR/P83DDR/P82DDR | P8;DDR/P8,DDR 
Modes | Initial value 1 1 1 1 0 0 0 0 
1t05 | Read/Write — — = Ww Ww w Ww Ww 
Modes | Initial value 1 1 1 0 0 0 0 0 
6,7 | Read/Write — - = w Ww w Ww Ww 

| | 
Reserved bits Port 8 data direction 4 to 0 


These bits select input or 
output for port 8 pins 


Modes 1 to 5 (Expanded Modes): When bits in PSDDR bit are set to 1, P84 to P8, become CSg to 
CS; output pins and P8, becomes a generic output pin. When bits in P8DDR are cleared to 0, the 
corresponding pins become input pins. 


Modes 6 and 7 (Single-Chip Modes): Port 8 is a generic input/output port. A pin in port 8 
becomes an output pin if the corresponding P8DDR bit is set to 1, and an input pin if this bit is 
cleared to 0. 


P8DDR is a write-only register. Its value cannot be read. All bits return 1 when read. 


P8DDR is initialized to H'FO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a PSDDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 
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Port 8 Data Register (P8DR): P8DR is an 8-bit readable/writable register that stores data for pins 
P84 to P8p. 






































Bit 7 6 5 4 3 2 1 0 
—_— —_ _ P84 P83 P85 P8, P89 
Initial value 1 1 1 0 0 0 0 0 
Read/Write — — —_— R/W R/W R/W R/W R/W 
| | 
Reserved bits Port 8 data 4 to 0 


These bits store data 
for port 8 pins 


When a bit in P8DDR is set to 1, if port 8 is read the value of the corresponding P8DR bit is 
returned directly. When a bit in P8DDR is cleared to 0, if port 8 is read the corresponding pin level 
is read. 


Bits 7 to 5 are reserved. They cannot be modified and always read 1. 


P8DR is initialized to H'EO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 


9.9.3. Pin Functions in Each Mode 


The pin functions of port 8 differ between modes | to 5 (expanded modes) and modes 6 and 7 
(single-chip modes). The pin functions are described below. 


Modes 1 to 5 (Expanded Modes): P8, is also used for CSp output. P83 to P8, are also used for 
CS; to CS; output and IRQ3 to IRQ, input. P8p is also used for RFSH output and IRQp input. 
Figure 9-25 and table 9-14 indicate the pin functions in modes | to 5. 














—— P8, (input)/CS_ (output) 

——* P83 (input)/CS, (output)/IRQ3 (input) 

Port8 }*—— > P85 (input)/CS» (output)/IRQ» (input) 
+——* P8, (input)/CS3 (output)/IRQ, (input) 
[>  P8, (input/output)/ RFSH (output)/ IRQ 9 (input) 














Figure 9-25 Pin Functions in Modes 1 to 5 (Port 8) 
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Table 9-14 Port 8 Pin Functions in Modes 1 to 5 













































































Pin Pin Functions and Selection Method 
P8,/CS, Bit P8,DDR selects the pin function as follows 
P8,DDR 0 1 
Pin function P8, input CS, output 
P8,/CS,/IRQ3 Bit P83;DDR selects the pin function as follows 
P83DDR 0 1 
Pin function P8. input CS, output 
IRQ3 input 
P8,/CS,/IRQ, Bit P8,DDR selects the pin function as follows 
P8.DDR 0 1 
Pin function P85 input CS, output 
IRQs input 
P8,/CS,/IRQ, Bit P8,DDR selects the pin function as follows 
P8,DDR 0 1 
Pin function P8, input CS3 output 











IRQ, input 








P8)/RFSH/IRQg 


Bit RFSHE in RFSHCR and bit P89DDR select the pin function as follows 


























RFSHE 0 1 

P8,DDR 0 1 _— 

Pin function P8 input P8, output RFSH output 
TRQg input 
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Modes 6 and 7 (Single-Chip Modes): Input or output can be specified independently for each pin 
in port 8. P83 to P89 are also used for IRQ3 to IRQp input. Figure 9-26 and table 9-15 indicate the 
pin functions in modes 6 and 7. 














+> P8, (input/output) 
—— P8,/IRQ3 (input/output) 
Port8 — P8,/IRQ» (input/output) 
h——* P8,/IRQ, (input/output) 
h+——* P8,/IRQQ (input/output) 

















Figure 9-26 Pin Functions in Modes 6 and 7 (Port 8) 
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Table 9-15 Port 8 Pin Functions in Modes 6 and 7 

















































































































Pin Pin Functions and Selection Method 
P84 Bit P8,DDR selects the pin function as follows 
P8,DDR 0 1 
Pin function P8, input P8, output 
P8,/IRQ3 Bit P83DDR selects the pin function as follows 
P83;DDR 0 1 
Pin function P8. input P8, output 
IRQ3 input 
P8,/IRQ> Bit P8.DDR selects the pin function as follows 
P8,DDR 0 1 
Pin function P85 input P8. output 
IRQs input 
P8,/IRQ; Bit P8,DDR selects the pin function as follows 
P8,DDR 0 1 
Pin function P8, input P8, output 
IRQ, input 
P8)/IRQp Bit P8)DDR select the pin function as follows 
P8)9DDR 0 1 
Pin function P85 input P8, output 
IRQg input 
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9.10 Port 9 


9.10.1 Overview 


Port 9 is a 6-bit input/output port that is also used for input and output (TxDp, TxD), RxDp, RxD}, 
SCKop, SCKj) by serial communication interface channels 0 and 1 (SCIO and SCI1), and for IRQs 
and IRQ, input. Port 9 has the same set of pin functions in all operating modes. Figure 9-27 shows 
the pin configuration of port 9. 








Pins in port 9 can drive one TTL load and a 30-pF capacitive load. They can also drive a darlington 


transistor pair. 








Port 9 





+ PQs (input/output)/SCK, (input/output)/IRQs, (input) 
h+——* PQ, (input/output)/SCKp (input/output)/IRQ, (input) 
+ P9Qz (input/output)/RxD, (input) 
h+—— PQp (input/output)/RxDg (input) 
-+—— PQ, (input/output)/TxD, (output) 
I< PQ, (input/output)/TxDo (output) 











Port 9 pins 





Figure 9-27 Port 9 Pin Configuration 


9.10.2 Register Descriptions 


Table 9-16 summarizes the registers of port 9. 


Table 9-16 Port 9 Registers 





Address* Name Abbreviation R/W Initial Value 
H'FFDO Port 9 data direction register P9DDR W H'CO 
H'FFD2 Port 9 data register P9DR R/W H'CO 





Note: * Lower 16 bits of the address. 
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Port 9 Data Direction Register (P9DDR): P9DDR is an 8-bit write-only register that can select 
input or output for each pin in port 9. 






































Bit 7 6 5 4 3 2 1 0 
— — P95DDR|P94,DDR|P93DDR |P92DDR | P9,;,DDR}P9gDDR 
Initial value 1 1 0 0 0 0 0 0 
Read/Write — — Ww WwW Ww WwW Ww WwW 
Reserved bits Port 9 data direction 5 to 0 


These bits select input or 
output for port 9 pins 


A pin in port 9 becomes an output pin if the corresponding PODDR bit is set to 1, and an input pin 
if this bit is cleared to 0. 


PODDR is a write-only register. Its value cannot be read. All bits return 1 when read. 


PODDR is initialized to H'CO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a P9DDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 


Port 9 Data Register (P9DR): PODR is an 8-bit readable/writable register that stores data for pins 
P95 to P9o. 






































Bit 7 6 5 4 3 2 1 0 
— — P95 P94 P93 P95 PQ ; P99 

Initial value 1 1 0 0 0 0 0 0 

Read/Write — — R/W R/W R/W R/W R/W R/W 
Reserved bits Port 9 data 5 to0 


These bits store data 
for port 9 pins 


When a bit in P9DDR is set to 1, if port 9 is read the value of the corresponding P9DR bit is 
returned directly. When a bit in P9DDR is cleared to 0, if port 9 is read the corresponding pin level 
is read. 


Bits 7 and 6 are reserved. They cannot be modified and always read 1. 


PODR is initialized to H'CO by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.10.3, Pin Functions 


The port 9 pins are also used for SCIO and SCI1 input and output (TxDp, TxD;, RxDop, RxDj, 
SCKo, SCK,), and for IRQ; and IRQ, input. Table 9-17 describes the selection of pin functions. 


Table 9-17 


Pin 





Port 9 Pin Functions 


Pin Functions and Selection Method 





P9./SCK,/IRQs 


Bit C/A in SMR of SCI1, bits CKEO and CKE1 in SCR of SCI1, and bit P9;DDR 


select the pin function as follows 









































CKE1 0 1 
C/A 0 1 — 
CKEO 0 1 — — 
P95,DDR 0 1 — — = 
Pin function P95 | P95 | SCK, output | SCK, output | SCK, input 
input | output 
IRQs input 








P9,/SCK,/IRQ, 


Bit C/A in SMR of SCIO, bits CKEO and CKE1 in SCR of SCIO, and bit P9,DDR 
select the pin function as follows 






































CKE1 0 1 
C/A 0 1 — 
CKEO 0 1 — — 
P9,DDR 0 1 — — = 
Pin function P9, | P94 | SCKg output | SCKg output | SCKo input 
input | output 
IRQ, input 











282 


Table 9-17 Port 9 Pin Functions (cont) 
























































Pin Pin Functions and Selection Method 
P9./RxD, Bit RE in SCR of SCI1 and bit P9,DDR select the pin function as follows 
RE 0 1 
P93;DDR 0 1 _ 
Pin function P93 input P93 output RxD, input 
P95/RxDg Bit RE in SCR of SCIO and bit P92DDR select the pin function as follows 
RE 0 1 
P9,DDR 0 1 _ 
Pin function PQp input PQ» output RxDpo input 
P9,/TxD, Bit TE in SCR of SCI1 and bit P9,DDR select the pin function as follows 
TE 0 1 
P9,DDR 0 1 _ 
Pin function P9, input P9, output TxD, output 
P9)/TxDg Bit TE in SCR of SCIO and bit P99DDR select the pin function as follows 























TE 0 1 
P9,DDR 0 1 — 
Pin function PQp input PQp output TxDp output 
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9.11 Port A 
9.11.1 Overview 


Port A is an 8-bit input/output port that is also used for output (TP7 to TP9) from the programmable 
timing pattern controller (TPC), input and output (TIOCB,, TIOCA,, TIOCB,, TIOCA,, TIOCBo, 
TIOCAy, TCLKD, TCLKC, TCLKB, TCLKA) by the 16-bit integrated timer unit (ITU), output 
(TEND,, TEND) from the DMA controller (DMAC), and address output (A 3 to Ag). Figure 9-28 
shows the pin configuration of port A. 


Pins in port A can drive one TTL load and a 30-pF capacitive load. They can also drive a darlington 
transistor pair. Port A has Schmitt-trigger inputs. 
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PortA 











Port A pins 


PA7/TP7/TIOCBo/Az9 
PA¢/TPg/TIOCAd/Any 
PAs/TPs/TIOCB,/Azo 
PA4/TP4/TIOCA,/An3 
PA,/TP3/TIOCB,/TCLKD 
PA,/TPs/TIOCA,/TCLKC 
PA,/TP,/TEND,/TCLKB 
PA 9/TPo/TEND,/TCLKA 


Pin functions in modes 1, 2, 5, 6, and 7 

PA; (input/output)/TP7 (output)/TIOCB » (input/output 
PAg (input/output)/TPg (output)/TIOCA » (input/output 
PAs (input/output)/TPs (output)/TIOCB , 
PA, (input/output)/TP, (output)/TIOCA , 


) 
( ) ( ) ) 
( ) ( ) input/output) 
( ) ( ) input/output) 
PA3 (input/output)/TP3 (output)/TIOCB g (input/output)/TCLKD (input) 
( ) ( ) 
( ) ( ) 
( ) ( ) 


( 
( 
( 
( 
( 
PA> (input/output)/TP. (output)/TIOCA g (input/output)/TCLKC (input) 


/TEND, (output)/TCLKB (input) 
PAg (input/output)/TP9 (output)/TEND (output)/TCLKA (input) 


= 


PA, (input/output)/TP, (outpu 





Pin functions in modes 3 and 4 
A 20 
PAg (input/output)/TPg (output)/TIOCA » (input/output)/A 2; (output) 
PAs (input/output)/TP, (output)/TIOCB , (input/output 
PA, (input/output)/TP4 (output)/TIOCA , (input/output 
( 
( 


( ) ( ) 
( ) ( ) /A 22 (output) 
( ) ( ) 

PAg3 (input/output)/TP3 (output)/TIOCB 9 (input/output)/TCLKD (input) 
( ) ( ) 
( ) ( ) 
( ) ( ) 


) 
) 
)/A 23 (output) 

) 

PA» (input/output)/TP. (output)/TIOCA g (input/output)/TCLKC (input) 
PA, (input/output)/TP; (output)/TEND, (output)/TCLKB (input) 

PA (input/output)/TPg (output)/TEND  (output)/TCLKA (input) 





Figure 9-28 Port A Pin Configuration 
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9.11.2 Register Descriptions 
Table 9-18 summarizes the registers of port A. 


Table 9-18 Port A Registers 








Abbre- Initial Value 
Address* Name viation R/W Modes 1,2,5to7 Modes 3, 4 
H'FFD1 Port A data direction register PADDR W H'00 H'80 
H'FFD3 Port A data register PADR R/W  H'00 H'00 





Note: * Lower 16 bits of the address. 


Port A Data Direction Register (PADDR): PADDR is an 8-bit write-only register that can select 
input or output for each pin in port A. 



































Bit 7 6 5 4 3 2 1 0 
PA7DDR) PAgDDR| PAsDDR| PA,DDR|PA3DDR/PA2DDR|PA,DDR/PA)DDR 
Modes | Initial value 1 0 0 0 0 0 0 0 
3104 | Read/Write — w Ww w w w w Ww 
ets | Initial value 0 0 0 0 0 0 0 0 
5to7 (Read/Write W Ww WwW Ww WwW Ww Ww WwW 





Port A data direction 7 to 0 
These bits select input or output for port A pins 


A pin in port A becomes an output pin if the corresponding PADDR bit is set to 1, and an input pin 
if this bit is cleared to 0. In modes 3 and 4, PA7DDR is fixed at 1 and PA7 functions as an address 
output pin. 


PADDR is a write-only register. Its value cannot be read. All bits return 1 when read. 


PADDR is initialized to H'00 by a reset and in hardware standby mode in modes 1, 2, 5, 6, and 7. 
It is initialized to H'80 by a reset and in hardware standby mode in modes 3 and 4. In software 
standby mode it retains its previous setting. If a PADDR bit is set to 1, the corresponding pin 
maintains its output state in software standby mode. 
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Port A Data Register (PADR): PADR is an 8-bit readable/writable register that stores data for 
pins PAZ to PAo. 








Bit 7 6 5 4 3 2 1 0 
| PA7 | PAg | PAs | PAy PA3 | PAs | PA, | PAo | 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Port A data 7 to 0 
These bits store data for port A pins 


When a bit in PADDR is set to 1, if port A is read the value of the corresponding PADR bit is 
returned directly. When a bit in PADDR is cleared to 0, if port A is read the corresponding pin level 
is read. 


PADR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.11.3 Pin Functions in Each Mode 


The port A pins are also used for TPC output (TP7 to TP), ITU input/output (TIOCB, to TIOCBg, 
TIOCA, to TIOCAg) and input (TCLKD, TCLKC, TCLKB, TCLKA), DMAC output (TEND), 
TEND ), and address output (A»3 to Aoq). Table 9-19 describes the selection of pin functions. 





Table 9-19 Port A Pin Functions 


























Pin Pin Functions and Selection Method 

PA7/TP2/ ITU channel 2 settings (bit PWM2 in TMDR and bits |OB2 to IOBO in TIOR2), bit 

TIOCBs/Asy | NDER7 in NDERA, and bit PA7DDR in PADDR select the pin function as follows 
Mode 1,2,5,6,7 3,4 
ITU channel 2 
settings © in table below @ in table below — 
PA7DDR — 0 1 1 — 
NDER7 — — 0 1 — 
Pin function TIOCB» output PAZ PAz TP7 Avo 

input output | output | output 
TIOCBz input* 





























Note: * TIOCBs input when IOB2 = 1 and PWM2 = 0. 
ITU channel 2 
settings ® ® @ 
1IOB2 0 1 
IOB1 0 0 1 —_ 
IOBO 0 1 = = 
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Table 9-19 Port A Pin Functions (cont) 


Pin Functions and Selection Method 









































































































































Pin 
PA,/TPe/ ITU channel 2 settings (bit PWM2 in TMDR and bits |OA2 to IOA0 in TIOR2), bit NDER6 
TIOCA,/ in NDERA, and bit PAgDDR in PADDR select the pin function as follows 
Aoy 
Mode 1,2,5, 6,7 3,4 
A21E — 1 0 
ITU @ in @ in 
channel 2 table table 
settings below @ in table below below @ in table below — 
PAgDDR — 0 1 1 — 0 1 1 — 
NDER6 — — 0 1 — — 0 1 — 
Pin function TIOCAs PAg PAg TP. TIOCA> PAg PAg TPs Aoy 
output | input | output) output | output | input | output | output | output 
TIOCAd input* TIOCAs input* 
Note: * TIOCAs input when IOA2 = 1. 
ITU channel 2 
settings @ ® @ ® 
PWMe2 0 1 
IOA2 0 1 — 
IOA1 0 0 1 — — 
IOAO 0 _ — = 
PA;/TPs/ ITU channel 1 settings (bit PWM1 in TMDR and bits |OB2 to |OBO in TIOR1), bit NDER5 
TIOCB,/ in NDERA, and bit PA;DDR in PADDR select the pin function as follows 
A22 
Mode 1,2,5,6,7 3,4 
A22E — 0 
ITU @ in @ in 
channel 1 table table 
settings below @ in table below below @ in table below — 
PA;DDR — 0 1 1 — 0 1 1 — 
NDER5 — — 0 1 — — 0 1 — 
Pin function TIOCB, PAs PAs TPs TIOCB, PAs PAs TPs Aoo 
output | input | output | output} output | input | output | output | output 
TIOCB, input* TIOCB, input* 




















Note: * TIOCB, input when IOB2 = 1 and PWM1 = 0. 





























ITU channel 1 

settings ® ® @ 
IOB2 0 1 
IOB1 0 0 1 as 
IOBO 0 1 —_— —_— 
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Table 9-19 Port A Pin Functions (cont) 


Pin Pin Functions and Selection Method 


PA,/TP,/ The mode setting, bit A23E in BRCR, ITU channel 1 settings (bit PWM1 in TMDR and 
TIOCA,/ bits IOA2 to IOAO in TIOR1), bit NDER4 in NDERA, and bit PAZDDR in PADDR select 


Ao3 the pin function as follows 










































































Mode 1,2, 5, 6,7 3,4 

A23E — 1 0 

ITU @ in @ in 

channel 1 table table 

settings below @ in table below below @ in table below — 

PA,DDR _ 0 1 1 — 0 1 1 — 

NDER4 _ — 0 1 —_ _— 0 1 — 

Pin function |TIOCA,) PA, | PA, | TP, |TIOCA;| PA, | PA, | TP, | Aog 
output | input | output} output | output | input | output | output | output 

TIOCA, input* TIOCA, input* 

Note: * TIOCA1 input when IOA2 = 1. 

ITU channel 1 

settings @ ® @ ® 

PWM1 0 1 

IOA2 0 1 _ 

1IOA1 0 0 1 _ —_ 

IOAO 0 1 —_— —_— —_— 





























PA3/TP3/ ITU channel 0 settings (bit PWMO in TMDR and bits |OB2 to IOBO in TIORO), bits TPSC2 
TIOCB,/ to TPSCO in TCR4 to TCRO, bit NDER3 in NDERA, and bit PA3DDR in PADDR select 


TCLKD _ the pin function as follows 





























ITU 
channel 0 
settings © in table below @ in table below 
PA3DDR _ 0 1 1 
NDER3 _ —_ 0 1 
Pin function TIOCBg output PAg3 input | PA3 output) TP3 output 
TIOCBg input*! 
TCLKD input*? 











Notes: 1. TIOCBg input when IOB2 = 1 and PWMO = 0. 
2. TCLKD input when TPSC2 = TPSC1 = TPSCO = 1 in any of TCR4 to TCRO. 














ITU channel 0 

settings @ ® ® 
IOB2 0 1 

IOB1 0 0 1 _ 
IOBO 0 1 — _— 
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Table 9-19 Port A Pin Functions (cont) 


Pin Pin Functions and Selection Method 





PA»/TP»/ ITU channel 0 settings (bit PWMO in TMDR and bits IOA2 to IOA0 in TIORO), bits TPSC2 
TIOCA)/ to TPSCO in TCR4 to TCRO, bit NDER2 in NDERA, and bit PA2DDR in PADDR select 
TCLKC _ the pin function as follows 





























ITU 
channel 0 
settings © in table below @ in table below 
PA»DDR _ 0 1 1 
NDER2 —_ —_— 0 1 
Pin function TIOCAg output PA» input | PA» output) TP» output 
TIOCAg input** 
TCLKC input*2 














Notes: 1. TIOCAg input when |OA2 = 1. 
2. TCLKC input when TPSC2 = TPSC1 = 1 and TPSCO = 0 in any of TCR4 to 

















TCRO. 
ITU channel 0 
settings @ ® @ ® 
PWMO 0 1 
IOA2 0 1 —_— 
1IOA1 0 0 1 —_— —_— 
IOAO 0 1 —_— — — 
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Table 9-20 Port A Pin Functions (cont) 


Pin 


Pin Functions and Selection Method 





PA,/TP,/ DMAC channel 1 settings (bits DTS2/1/0A and DTS2/1/0B in DTCR1A and DTCR1B), bit 


TCLKB/ 





TEND, 


NDER?1 in NDERA, and bit PA;DDR in PADDR select the pin function as follows 
































DMAC 

channel 1 

settings © in table below @ in table below 

PA,DDR = 0 1 1 

NDER1 —_— _ 0 1 

Pin function TEND, output PA, input | PA, output) TP, output 
TCLKB input* 





Note: * TCLKB input when MDF = 1 in TMDR, or when TPSC2 = 1, TPSC1 = 0, and 
TPSCO = 1 in any of TCR4 to TCRO. 





DMAC 
channel 1 
settings 


@ ® 


@ ® 





DTS2, DTS1A 


Not both 1 





DTSOA 


0 0 


1 1 





DTS2B 


0 


1 1 


0 1 


0 1 








DTS1B 





0 1 

















— 0 














PA)/TP,/ DMAC channel 0 settings (bits DTS2/1/0A and DTS2/1/0B in DTCROA and DTCROB), bit 
TCLKA/ NDERO in NDERA, and bit PADDR in PADDR select the pin function as follows 





TEND, 
































DMAC 

channel 0 

settings © in table below @ in table below 

PAgDDR _ 0 1 1 

NDERO _ od 0 1 

Pin function TEND, output PAp input | PAg output} TP, output 
TCLKA input* 





of TCR4 to TCRO. 


Note: * TCLKA input when MDF = 1 in TMDR, or when TPSC2 = 1 and TPSC1 = 0 in any 





DMAC 
channel 0 
settings 


@® ® 








DTS2, DTS1A 


Not both 1 





DTSOA 





DTS2B 








DTS1B 
































292 














9.12 Port B 


9.12.1 Overview 


Port B is an 8-bit input/output port that is also used for TPC output (TP)5 to TPg), ITU input/output 
(TIOCB,, TIOCB3, TIOCAy, TIOCA3) and ITU output (TOCXB,, TOCXA,), DMAC input 
(DREQ,, DREQo), and ADTRG input to the A/D converter. Port B has the same set of pin 
functions in all operating modes. Figure 9-29 shows the pin configuration of port B. 








Pins in port B can drive one TTL load and a 30-pF capacitive load. They can also drive a darlington 
transistor pair. Pins PB3 to PBg have Schmitt-trigger inputs. 








Port B 














Port B pins 





PB? (input/output)/TP;5 (output)/DREQ, (input)/ADTRG (input) 





PBg (input/output)/TP; 4 (output)/DREQg (input) 

PB, (input/output)/TP;3 (output)/TOCXB, (output) 
PB, (input/output)/TP;>5 (output)/TOCXA, (output) 
PB3 (input/output)/TP;;, (output)/TIOCB, (input/output) 
PBo (input/output)/TP;9 (output)/TIOCA, (input/output) 
PB, (input/output)/TPg (output)/TIOCB3 (input/output) 
PB, (input/output)/TPg (output)/TIOCAS (input/output) 





Figure 9-29 Port B Pin Configuration 


9.12.2 Register Descriptions 


Table 9-20 summarizes the registers of port B. 


Table 9-20 Port B Registers 


Address* Name 


Abbreviation R/W Initial Value 





H'FFD4 Port B data direction register PBDDR W H'00 





H'FFD6 Port B data register PBDR R/W H'00 


Note: * Lower 16 bits of the address. 
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Port B Data Direction Register (PBDDR): PBDDR is an 8-bit write-only register that can select 
input or output for each pin in port B. 
































Bit 7 6 5 4 3 2 1 0 
PB7DDR| PBgDDR| PB5DDR| PB4DDR|/PB3DDR|PB2DDR|PB;DDR|PBj>DDR 

Initial value 0 0 0 0 0 0 0 0 

Read/Write WwW W W WwW W W WwW W 








Port B data direction 7 to 0 
These bits select input or output for port B pins 


A pin in port B becomes an output pin if the corresponding PBDDR bit is set to 1, and an input pin 
if this bit is cleared to 0. 


PBDDR is a write-only register. Its value cannot be read. All bits return | when read. 


PBDDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. If a PBDDR bit is set to 1, the corresponding pin maintains its output 
state in software standby mode. 


Port B Data Register (PBDR): PBDR is an 8-bit readable/writable register that stores data for pins 
PB7 to PBO. 
































Bit 7 6 5 4 3 2 1 0 
PB7 PBs PBs PB4 PB3 PBo PB, PBo 

Initial value 0 0 0 0 0 0 0 0 

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Port B data 7 to 0 
These bits store data for port B pins 


When a bit in PBDDR is set to 1, if port B is read the value of the corresponding PBDR bit is 
returned directly. When a bit in PBDDR is cleared to 0, if port B is read the corresponding pin level 
is read. 


PBDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it 
retains its previous setting. 
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9.12.3 Pin Functions 


The port B pins are also used for TPC output (TP 15 to TPg), ITU input/output (TIOCB,, TIOCB3, 
TIOCA,, TIOCA3) and output (TOCXBy, TOCXA,), DMAC input (DREQ,, DREQg), and 
ADTRG input. Table 9-21 describes the selection of pin functions. 








Table 9-21 Port B Pin Functions 


Pin Pin Functions and Selection Method 





PB7/ DMAC channel 1 settings (bits DTS2/1/0A and DTS2/1/0B in DTCR1A and DTCR1B), 
TPy5/ bit TRGE in ADCR, bit NDER15 in NDERB, and bit PB7DDR in PBDDR select the 
DREQ,/ pin function as follows 























ADTRG 
PB7DDR 0 1 1 
NDER15 — 0 1 
Pin function PB, input PB, output TPy5 output 
DREQ, input*! 
ADTRG input*2 














Notes: 1. DREQ, input under DMAC channel 1 settings © in the table below. 
2. ADTRG input when TRGE = 1. 























DMAC 

channel 

1 settings @ ® @ ® @ ® 
DTS2, DTS1A Not both 1 Both 1 

DTSOA —_— 0 0 1 1 1 
DTS2B 0 1 1 0 1 0 1 1 
DTS1B —_— 0 1 — — — 0 1 
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Table 9-21 Port B Pin Functions (cont) 

















































































































Pin Pin Functions and Selection Method 
PBe/ DMAC channel 0 settings (bits DTS2/1/0A and DTS2/1/0B in DTCROA and DTCROB), bit 
TP 44/ NDER14 in NDERB, and bit PBgDDR in PBDDR select the pin function as follows 
DREQ) 
PBgDDR 0 1 1 
NDER14 — 0 1 
Pin function PBg input PBg output TP 4,4 output 
DREQg input* 
Note: * DREQg input under DMAC channel 0 settings @ in the table below. 
DMAC 
channel 0 
settings @ ® @ ® @ ® 
DTS2, DTS1A Not both 1 Both 1 
DTSOA —_ 0 0 1 1 1 
DTS2B 0 1 1 0 1 0 1 1 
DTS1B — 0 1 _— —_ = 0 1 
PBs/ ITU channel 4 settings (bit CMD1 in TFCR and bit EXB4 in TOER), bit NDER13 in 
TPy3/ NDERB, and bit PB;DDR in PBDDR select the pin function as follows 
TOCXB, 
EXB4, 
CMD1 Not both 1 Both 1 
PBsDDR 0 1 1 — 
NDER13 — 0 1 — 
Pin function | PBs input | PBs output) TP;3 output TOCXB, output 
PB,/ ITU channel 4 settings (bit CMD1 in TFCR and bit EXA4 in TOER), bit NDER12 in 
TPyo/ NDERB, and bit PB,DDR in PBDDR select the pin function as follows 
TOCXA, 





























EXA4, 

CMD1 Not both 1 Both 1 
PB,DDR 0 1 1 — 
NDER12 — 0 1 _ 

Pin function | PB, input | PB, output| TP; output TOCXA, output 
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Table 9-21 Port B Pin Functions (cont) 





Pin Pin Functions and Selection Method 

PB3/ ITU channel 4 settings (bit PWM4 in TMDR, bit CMD1 in TFCR, bit EB4 in TOER, and 
TP44/ bits |OB2 to IOBO in TIOR4), bit NDER11 in NDERB, and bit PB,DDR in PBDDR select 
TIOCB, _ the pin function as follows 
































ITU 

channel 4 

settings © in table below @ in table below 

PB3DDR — 0 1 1 

NDER11 — — 0 1 

Pin function TIOCB, output PB3 input | PB3 output) TP; output 
TIOCB, input* 





Note: * TIOCB, input when CMD1 = PWM4 = 0 and IOB2 = 1. 









































ITU 

channel 4 

settings @ @ ® 
EB4 1 

CMD1 1 
IOB2 0 0 1 = 
lOB1 0 1 = = 
IOBO 0 — — — 
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Table 9-21 Port B Pin Functions (cont) 





Pin Pin Functions and Selection Method 

PB./ ITU channel 4 settings (bit CMD1 in TFCR, bit EA4 in TOER, bit PWM4 in TMDR, and 
TP40/ bits IOA2 to IOAO in TIOR4), bit NDER10 in NDERB, and bit PB2DDR in PBDDR select 
TIOCA, the pin function as follows 
































ITU 

channel 4 

settings © in table below @ in table below 

PB,DDR — 0 1 1 

NDER10 — — 0 1 

Pin function TIOCA, output PBo input | PBs output} TP;9 output 
TIOCA, input* 





Note: * TIOCA, input when CMD1 = PWM4 = 0 and IOA2 = 1. 





DMAC 
channel 4 
settings 


2) ® 








@® 





EA4 





CMD1 





PWM4 





IOA2 





IOA1 





IOAO 
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Table 9-21 Port B Pin Functions (cont) 


Pin Pin Functions and Selection Method 





PB,/TP,/ ITU channel 3 settings (bit PWM3 in TMDR, bit CMD1 in TFCR, bit EB3 in TOER, and 
TIOCB3 bits |OB2 to IOBO in TIOR3), bit NDER9 in NDERB, and bit PB;DDR in PBDDR select 
the pin function as follows 
































ITU 

channel 3 

settings © in table below @ in table below 

PB,DDR — 0 1 1 

NDERQ — — 0 1 

Pin function TIOCB3 output PB, input | PB; output} TPg output 
TIOCB3 input* 








Note: * TIOCB3 input when CMD1 = PWMS = 0 and IOB2 = 1. 




















ITU 

channel 3 

settings @® @ ® @ ® 
EB3 0 1 

CMD1 —_— 0 1 

IOB2 —_— 0 0 0 1 —_— 
1IOB1 — 0 0 1 —_— — 
IOBO —_— 0 1 — — — 
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Table 9-21 Port B Pin Functions (cont) 





Pin Pin Functions and Selection Method 
PB,/TPs/ ITU channel 3 settings (bit CMD1 in TFCR, bit EA3 in TOER, bit PWM3 in TMDR, and 
TIOCA3 _ bits IOA2 to IOAO in TIOR3), bit NDER8 in NDERB, and bit PBp5DDR in PBDDR select 


the pin function as follows 
































ITU 

channel 3 

settings © in table below @ in table below 

PB)DDR — 0 1 1 

NDER8 — — 0 1 

Pin function TIOCAg3 output PBo input | PBy output} TPg output 
TIOCA3 input* 





Note: * TIOCA3 input when CMD1 = PWM3 = 0 and IOA2 = 1. 





ITU 
channel 3 
settings 





2) ® 





@® 





EAS 





CMD1 





PWM3 





IOA2 





IOA1 








IOAO 
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Section 10 16-Bit Integrated Timer Unit (ITU) 


10.1 Overview 


The H8/3042 Series has a built-in 16-bit integrated timer unit (ITU) with five 16-bit timer 
channels. 


10.1.1 Features 
ITU features are listed below. 
¢ Capability to process up to 12 pulse outputs or 10 pulse inputs 


e Ten general registers (GRs, two per channel) with independently-assignable output compare 
or input capture functions 


e Selection of eight counter clock sources for each channel: 


Internal clocks: ¢g, ¢/2, @/4, @/8 
External clocks: TCLKA, TCLKB, TCLKC, TCLKD 


¢ Five operating modes selectable in all channels: 
— Waveform output by compare match 
Selection of 0 output, 1 output, or toggle output (only 0 or | output in channel 2) 
— Input capture function 
Rising edge, falling edge, or both edges (selectable) 
— Counter clearing function 
Counters can be cleared by compare match or input capture 
— Synchronization 


Two or more timer counters (TCNTs) can be preset simultaneously, or cleared 
simultaneously by compare match or input capture. Counter synchronization enables 
synchronous register input and output. 
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— PWM mode 


PWM output can be provided with an arbitrary duty cycle. With synchronization, up to 
five-phase PWM output is possible 


Phase counting mode selectable in channel 2 

Two-phase encoder output can be counted automatically. 
Three additional modes selectable in channels 3 and 4 
— Reset-synchronized PWM mode 


If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of 
complementary waveforms. 


— Complementary PWM mode 


If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of 
non-overlapping complementary waveforms. 


— Buffering 


Input capture registers can be double-buffered. Output compare registers can be updated 
automatically. 


High-speed access via internal 16-bit bus 


The 16-bit timer counters, general registers, and buffer registers can be accessed at high speed 
via a 16-bit bus. 


Fifteen interrupt sources 


Each channel has two compare match/input capture interrupts and an overflow interrupt. All 
interrupts can be requested independently. 


Activation of DMA controller (DMAC) 
Four of the compare match/input capture interrupts from channels 0 to 3 can start the DMAC. 
Output triggering of programmable pattern controller (TPC) 


Compare match/input capture signals from channels 0 to 3 can be used as TPC output 
triggers. 


302 


Table 10-1 summarizes the ITU functions. 


Table 10-1 ITU Functions 


Item 


Channel 0 


Channel 1 


Channel 2 


Channel 3 


Channel 4 





Clock sources 


Internal clocks: @, @/2, 0/4, @/8 
External clocks: TCLKA, TCLKB, TCLKC, TCLKD, selectable independently 

















General registers GRAO, GRBO + GRA1,GRB1 GRA2,GRB2 GRA3,GRB3 GRA4, GRB4 

(output compare/input 

capture registers) 

Buffer registers _ _— _ BRAS, BRB3 BRA4, BRB4 

Input/output pins TIOCAO, TIOCA1, TIOCA2, TIOCAS, TIOCA4, 
TIOCBO TIOCB1 TIOCB2 TIOCB3 TIOCB4 

Output pins _— _— — — TOCXA4, 

TOCXB4 

Counter clearing function ©GRA0/GRBO GRA1/GRB1 GRA2/GRB2. = GRA3/GRB3 GRA4/GRB4 
compare compare compare compare compare 
match or match or match or match or match or 


input capture 


input capture 


input capture 


input capture 


input capture 





Compare 0 


foxe} 


foe} 


fe) 





match output 


foxe) 


loxe} 


fe} 





Toggle 


fox} 


foxe} 





Input capture function 


foxe) 


loxe) 





Synchronization 





PWM mode 





Reset-synchronized 
PWM mode 





Complementary PWM 
mode 





Phase counting mode 


o— 





Buffering 


fox} 





DMAC activation 


GRAO compare 
match or 
input capture 


GRA1 compare 
match or 
input capture 


GRA2 compare 
match or 
input capture 


GRA3 compare — 


match or 
input capture 





Interrupt sources 


Three sources 

* Compare 
match/input 
capture AO 

* Compare 
match/input 
capture BO 


* Overflow 


Three sources 

* Compare 
match/input 
capture A1 

* Compare 
match/input 
capture B1 


* Overflow 


Three sources 

* Compare 
match/input 
capture A2 

* Compare 
match/input 
capture B2 


* Overflow 


Three sources 

* Compare 
match/input 
capture A3 

* Compare 
match/input 
capture B3 


* Overflow 


Three sources 

* Compare 
match/input 
capture A4 

* Compare 
match/input 
capture B4 


* Overflow 





Legend 
o: Available 
—: Not available 
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10.1.2 Block Diagrams 


ITU Block Diagram (Overall): Figure 10-1 is a block diagram of the ITU. 


































































































TCLKA to TCLKD IMIAO to IMIA4 
Clock selector | > IMIBO to IMIB4 
@, 9/2, 2/4, 2/8 OVIO to OVI4 
TOCXA4, TOCXB4 < Control logic 
TIOCAO to TIOCA4 Le 
TIOCBO to TIOCB4 
Wy eal ORE bah | 
TOER Kk. 
vt oO N _- oO a. 
o|/ol]|/a|]|a]||o TOCR « _ 
Cc = Cc Cc Cc ———— 
(ox Cc Cc Cc Cc = ee a 
£|/f)/e/) 2) TSTR 8 
(Ss) oO oO oO (S) & 
EIlELIEIEIlE TSNC {> 2 
a = = = = oS no 
6//2//9/|/ 9] |] 9 TMDR a 
o oOo oO oO oO a 
TFCR KO 
Ge ah Ey || 
Module data bus 
Legend 
TOER: Timer output master enable register (8 bits) 


TOCR: 
TSTR: 
TSNC: 
TMDR: 
TFCR: 





Timer output control register (8 bits) 
Timer start register (8 bits) 

Timer synchro register (8 bits) 

Timer mode register (8 bits) 

Timer function control register (8 bits) 


Figure 10-1 ITU Block Diagram (Overall) 
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On-chip data bus 





Block Diagram of Channels 0 and 1: ITU channels 0 and | are functionally identical. Both have 
the structure shown in figure 10-2. 














TCLKA to TCLKD — _ | == TIOCAO 
Clock selector > TIOCBO 
8, 9/2, 2/4, o/8 ; 
Control logic IMIAO 
Comparator | r—> IMIBO 
-—> OVIO 

















QOH OA 





TCNT 
GRA 
GRB 
TCR 
TIOR 
TIER 
TSR 












































(J () J lta Dest: Me 


Module data bus 








Legend 


TCNT: Timer counter (16 bits) 
GRA, GRB: General registers A and B (input capture/output compare registers) (16 bits x 2) 
TCR: Timer control register (8 bits) 


TIOR: Timer I/O control register (8 bits) 
TIER: Timer interrupt enable register (8 bits) 
TSR: Timer status register (8 bits) 





Figure 10-2 Block Diagram of Channels 0 and 1 (for Channel 0) 
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Block Diagram of Channel 2: Figure 10-3 is a block diagram of channel 2. This is the channel 
that provides only 0 output and 1 output. 
















































































TCLKA to TCLKD = TIOCA2 
Clock selector = — TIOCB2 
@, 9/2, 3/4, o/8 . 
Control logic IMIA2 
Comparator -—> IMIB2 
r—> OVI2 
Vitti titi ty 
N a an a N N Nn 
Ee faa cc 
2\/el/2| |S) |S) al] 
(J | io (J | 0) 
Module data bus 
Legend 
TCNT2: Timer counter 2 (16 bits) 
GRA2, GRB2: General registers A2 and B2 (input capture/output compare registers) 
(16 bits x 2) 
TCR2: Timer control register 2 (8 bits) 
TIOR2: Timer |/O control register 2 (8 bits) 
TIER2: Timer interrupt enable register 2 (8 bits) 
TSR2: Timer status register 2 (8 bits) 





Figure 10-3 Block Diagram of Channel 2 
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Block Diagrams of Channels 3 and 4: Figure 10-4 is a block diagram of channel 3. Figure 10-5 
is a block diagram of channel 4. 
















































































TCLKA to > TIOCA3 
a =~ TIOCB3 
ICED Clock selector 
8, 9/2, — 
9/4,9/8 —— Control logic 
-—= IMIA3 
Comparator L_» |MIB3 
[—> OVI3 
y, a Ht y, 
fap) 
rae oO} | 9 oO oO oO fe & (op) 
Z| (ef a] |e 72] |S] ]o]] a] |S 
E a Oo a O Ee = = —_ 
02 a 2a 
Module data bus 
Legend 
TCNT3: Timer counter 3 (16 bits) 
GRA3, GRB3: General registers A3 and B3 (input capture/output compare registers) 
(16 bits x 2) 
BRA3, BRB3: Buffer registers A3 and B3 (input capture/output compare buffer registers) 
(16 bits x 2) 
TCR3: Timer control register 3 (8 bits) 
TIORS: Timer I/O control register 3 (8 bits) 
TIER3: Timer interrupt enable register 3 (8 bits) 
TSR3: Timer status register 3 (8 bits) 





Figure 10-4 Block Diagram of Channel 3 


307 






































TCLKA to -— Ue 
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EOERD. Clock selector 
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Module data bus 





Legend 

TCNT4: Timer counter 4 (16 bits) 

GRA4, GRB4: General registers A4 and B4 (input capture/output compare registers) 
(16 bits x 2) 

BRA4, BRB4: Buffer registers A4 and B4 (input capture/output compare buffer registers) 
(16 bits x 2) 

TCR4: Timer control register 4 (8 bits) 

TIOR4: Timer 1/O control register 4 (8 bits) 

TIER4: Timer interrupt enable register 4 (8 bits) 

TSR4: Timer status register 4 (8 bits) 





Figure 10-5 Block Diagram of Channel 4 
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10.1.3 Input/Output Pins 


Table 10-2 summarizes the ITU pins. 


Table 10-2 ITU Pins 















































Abbre- Input/ 
Channel Name viation Output Function 
Common Clock input A TCLKA — Input External clock A input pin 
(phase-A input pin in phase counting mode) 
Clock input B TCLKB Input External clock B input pin 
(phase-B input pin in phase counting mode) 
Clock input C TCLKC Input External clock C input pin 
Clock input D TCLKD Input External clock D input pin 
0 Input capture/output TIOCAO — Input/ GRAO output compare or input capture pin 
compare AO output PWM output pin in PWM mode 
Input capture/output TIOCBO — Input/ GRBO output compare or input capture pin 
compare BO output 
1 Input capture/output TIOCA1 — Input/ GRA1 output compare or input capture pin 
compare A1 output PWM output pin in PWM mode 
Input capture/output TIOCB1 — Input/ GRB1 output compare or input capture pin 
compare B1 output 
2 Input capture/output TIOCA2 — Input/ GRA2 output compare or input capture pin 
compare A2 output PWM output pin in PWM mode 
Input capture/output TIOCB2 — Input/ GRB2 output compare or input capture pin 
compare B2 output 
3 Input capture/output TIOCA3 — Input/ GRAS output compare or input capture pin 
compare A3 output PWM output pin in PWM mode, comple- 
mentary PWM mode, or reset-synchronized 
PWM mode 
Input capture/output TIOCB3 — Input/ GRB3 output compare or input capture pin 
compare B3 output PWM output pin in complementary PWM 
mode or reset-synchronized PWM mode 
4 Input capture/output TIOCA4 — Input/ GRA4 output compare or input capture pin 
compare A4 output PWM output pin in PWM mode, comple- 
mentary PWM mode, or reset-synchronized 
PWM mode 
Input capture/output TIOCB4 — Input/ GRB4 output compare or input capture pin 
compare B4 output PWM output pin in complementary PWM 
mode or reset-synchronized PWM mode 
Output compare XA4 TOCXA4 Output PWM output pin in complementary PWM 
mode or reset-synchronized PWM mode 
Output compare XB4 TOCXB4 Output PWM output pin in complementary PWM 


mode or reset-synchronized PWM mode 
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10.1.4 Register Configuration 


Table 10-3 summarizes the ITU registers. 


Table 10-3 ITU Registers 













































































Abbre- Initial 
Channel Address*! Name viation R/W Value 
Common  H'FF60 Timer start register TSTR R/W H'EO 
H'FF61 Timer synchro register TSNC R/W H'EO 
H'FF62 Timer mode register TMDR R/W H'80 
H'FF63 Timer function control register TFCR R/W H'CO 
H'FF90 Timer output master enable register TOER R/W H'FF 
H'FF91 Timer output control register TOCR R/W H'FF 
0 H'FF64 Timer control register 0 TCRO R/W H'80 
H'FF65 Timer I/O control register 0 TIORO R/W H'88 
H'FF66 Timer interrupt enable register 0 TIERO R/W H'F8 
H'FF67 Timer status register 0 TSRO R/(W)*2 -H'F8 
H'FF68 Timer counter 0 (high) TCNTOH R/W H'00 
H'FF69 Timer counter 0 (low) TCNTOL R/W H'00 
H'FF6A General register AO (high) GRAOH- R/W H'FF 
H'FF6B General register AO (low) GRAOL R/W H'FF 
H'FF6C General register BO (high) GRBOH- R/W H'FF 
H'FF6D General register BO (low) GRBOL R/W H'FF 
1 H'FF6E Timer control register 1 TCR1 R/W H'80 
H'FF6F Timer I/O control register 1 TIOR1 R/W H'88 
H'FF70 Timer interrupt enable register 1 TIER1 R/W H'F8 
H'FF71 Timer status register 1 TSR1 R/(W)*2 -H'F8 
H'FF72 Timer counter 1 (high) TCNT1H R/W H'00 
H'FF73 Timer counter 1 (low) TCNTiL R/W H'00 
H'FF74 General register A1 (high) GRA1H R/W H'FF 
H'FF75 General register A1 (low) GRAIL R/W H'FF 
H'FF76 General register B1 (high) GRB1H R/W H'FF 
H'FF77 General register B1 (low) GRBiL R/W H'FF 


Notes: 1. The lower 16 bits of the address are indicated. 
2. Only 0 can be written, to clear flags. 
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Table 10-3 ITU Registers (cont) 










































































Abbre- Initial 
Channel Address*! Name viation R/W Value 
2 H'FF78 Timer control register 2 TCR2 R/W H'80 
H'FF79 Timer I/O control register 2 TIOR2 R/W H'88 
H'FF7A Timer interrupt enable register 2 TIER2 R/W H'F8 
H'FF7B Timer status register 2 TSR2 R/(W)*2-H'F8 
H'FF7C Timer counter 2 (high) TCNT2H R/W H'00 
H'FF7D Timer counter 2 (low) TCNT2L R/W H'00 
H'FF7E General register A2 (high) GRA2H R/W H'FF 
H'FF7F General register A2 (low) GRA2L R/W H'FF 
H'FF80 General register B2 (high) GRB2H R/W H'FF 
H'FF81 General register B2 (low) GRB2L R/W H'FF 
3 H'FF82 Timer control register 3 TCR3 R/W H'80 
H'FF83 Timer I/O control register 3 TIOR3 R/W H'88 
H'FF84 Timer interrupt enable register 3 TIER3 R/W H'F8 
H'FF85 Timer status register 3 TSR3 R/(W)*2-H'F8 
H'FF86 Timer counter 3 (high) TCNT3H_ R/W H'00 
H'FF87 Timer counter 3 (low) TCNT3L R/W H'00 
H'FF88 General register A3 (high) GRA3H_ = R/W H'FF 
H'FF89 General register A3 (low) GRA3L = R/W H'FF 
H'FF8A General register B3 (high) GRB3H R/W H'FF 
H'FF8B General register B3 (low) GRB3L = R/W H'FF 
H'FF8C Buffer register A3 (high) BRA3H = R/W H'FF 
H'FF8D Buffer register A3 (low) BRA3L R/W H'FF 
H'FF8E Buffer register B3 (high) BRB3H =R/W H'FF 
H'FF8F Buffer register B3 (low) BRB3L R/W H'FF 





Notes: 1. The lower 16 bits of the address are indicated. 
2. Only 0 can be written, to clear flags. 
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Table 10-3 ITU Registers (cont) 












































Abbre- Initial 
Channel Address*! Name viation R/W Value 
4 H'FF92 Timer control register 4 TCR4 R/W H'80 
H'FF93 Timer I/O control register 4 TIOR4 R/W H'88 
H'FF94 Timer interrupt enable register 4 TIER4 R/W H'F8 
H'FF95 Timer status register 4 TSR4 R/(W)*2 -H'F8 
H'FF96 Timer counter 4 (high) TCNT4H R/W H'00 
H'FF97 Timer counter 4 (low) TCNT4L R/W H'00 
H'FF98 General register A4 (high) GRA4H R/W H'FF 
H'FF99 General register A4 (low) GRA4L = R/W H'FF 
H'FF9A General register B4 (high) GRB4H R/W H'FF 
H'FF9B General register B4 (low) GRB4L R/W H'FF 
H'FF9C Buffer register A4 (high) BRA4H R/W H'FF 
H'FF9D Buffer register A4 (low) BRA4L R/W H'FF 
H'FF9E Buffer register B4 (high) BRB4H R/W H'FF 
H'FF9OF Buffer register B4 (low) BRB4L R/W H'FF 


Notes: 1. The lower 16 bits of the address are indicated. 


2. Only 0 can be written, to clear flags. 
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10.2 Register Descriptions 
10.2.1 Timer Start Register (TSTR) 


TSTR is an 8-bit readable/writable register that starts and stops the timer counter (TCNT) in 
channels 0 to 4. 






































Bit 7 6 5 4 3 2 1 0 
— — —_— STR4 STR3 STR2 STR1 STRO 
Initial value 1 1 1 0 0 0 0 0 
Read/Write — — —_— R/W R/W R/W R/W R/W 
| | 
Reserved bits Counier start 4 to 0 
These bits start and 
stop TCNT4 to TCNTO 


TSTR is initialized to H'EO by a reset and in standby mode. 
Bits 7 to 5—Reserved: Read-only bits, always read as 1. 


Bit 4—Counter Start 4 (STR4): Starts and stops timer counter 4 (TCNT4). 








Bit 4 

STR4 Description 

0 TCNT4 is halted (Initial value) 
1 TCNT4 is counting 


Bit 3—Counter Start 3 (STR3): Starts and stops timer counter 3 (TCNT3). 





Bit 3 

STR3 Description 

0 TCNTS is halted (Initial value) 
1 TCNTS is counting 


Bit 2—-Counter Start 2 (STR2): Starts and stops timer counter 2 (TCNT2). 





Bit 2 

STR2 Description 

0 TCNT2 is halted (Initial value) 
1 TCNT2 is counting 
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Bit 1—Counter Start 1 (STR1): Starts and stops timer counter 1 (TCNT1). 








Bit 1 

STR1 Description 

0 TCNT1 is halted (Initial value) 
1 TCNT1 is counting 


Bit 0O—Counter Start 0 (STRO): Starts and stops timer counter 0 (TCNTO). 





Bit 0 

STRO Description 

0 TCNTO is halted (Initial value) 
1 TCNTO is counting 





10.2.2 Timer Synchro Register (TSNC) 


TSNC is an 8-bit readable/writable register that selects whether channels 0 to 4 operate 
independently or synchronously. Channels are synchronized by setting the corresponding bits to 1. 






































Bit 7 6 5 4 3 2 1 0 
— — — SYNC4 | SYNC3 | SYNC2 | SYNC1 | SYNCO 
Initial value 1 1 1 0 0 0 0 0 
Read/Write — — — R/W R/W R/W R/W R/W 
| | 
Reserved bits Timer sync 4 to 0 


These bits synchronize 
channels 4 to 0 


TSNC is initialized to H'EO by a reset and in standby mode. 
Bits 7 to 5—Reserved: Read-only bits, always read as 1. 


Bit 4—Timer Sync 4 (SYNC4): Selects whether channel 4 operates independently or 
synchronously. 








Bit 4 

SYNC4 Description 

0 Channel 4’s timer counter (TCNT4) operates independently (Initial value) 
TCNT4 is preset and cleared independently of other channels 

1 Channel 4 operates synchronously 


TCNT4 can be synchronously preset and cleared 
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Bit 3—Timer Sync 3 (SYNC3): Selects whether channel 3 operates independently or 
synchronously. 





Bit 3 

SYNC3_ Description 

0 Channel 3’s timer counter (TCNT3) operates independently (Initial value) 
TCNTS is preset and cleared independently of other channels 

1 Channel 3 operates synchronously 


TCNTS3 can be synchronously preset and cleared 


Bit 2—Timer Sync 2 (SYNC2): Selects whether channel 2 operates independently or 
synchronously. 





Bit 2 

SYNC2_ Description 

0 Channel 2’s timer counter (TCNT2) operates independently (Initial value) 
TCNT2 is preset and cleared independently of other channels 

1 Channel 2 operates synchronously 


TCNT2 can be synchronously preset and cleared 


Bit 1—Timer Sync 1 (SYNC1): Selects whether channel 1 operates independently or 
synchronously. 





Bit 1 

SYNC1_ Description 

0 Channel 1’s timer counter (TCNT1) operates independently (Initial value) 
TCNT1 is preset and cleared independently of other channels 

1 Channel 1 operates synchronously 


TCNT1 can be synchronously preset and cleared 


Bit 0—Timer Sync 0 (SYNCO): Selects whether channel 0 operates independently or 
synchronously. 








Bit 0 

SYNCO Description 

0 Channel 0’s timer counter (TCNTO) operates independently (Initial value) 
TCNTO is preset and cleared independently of other channels 

1 Channel 0 operates synchronously 


TCNTO can be synchronously preset and cleared 
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10.2.3 Timer Mode Register (TMDR) 


TMDR is an 8-bit readable/writable register that selects PWM mode for channels 0 to 4. It also 
selects phase counting mode and the overflow flag (OVF) setting conditions for channel 2. 








Bit 7 6 5 4 3 2 1 0 

| — | MDF | FDIR | PWM4 | PWM3 | PWM2 | PWM1 | PWMO | 
Initial value 1 0 0 0 0 0 0 0 
Read/Write — R/W R/W R/W R/W R/W R/W R/W 





PWM mode 4 to 0 
These bits select PWM 
mode for channels 4 to 0 


Flag direction 
Selects the setting condition for the overflow 
flag (OVF) in timer status register 2 (TSR2) 





Phase counting mode flag 
Selects phase counting mode for channel 2 





Reserved bit 


TMDR is initialized to H'80 by a reset and in standby mode. 
Bit 7—Reserved: Read-only bit, always read as 1. 


Bit 6—Phase Counting Mode Flag (MDF): Selects whether channel 2 operates normally or in 
phase counting mode. 


Bit 6 
MDF Description 


0 Channel 2 operates normally (Initial value) 





1 Channel 2 operates in phase counting mode 
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When MDF is set to 1 to select phase counting mode, TCNT2 operates as an up/down-counter and 
pins TCLKA and TCLKB become counter clock input pins. TCNT2 counts both rising and falling 
edges of TCLKA and TCLKB, and counts up or down as follows. 





Counting Direction Down-Counting Up-Counting 
TCLKA pin 4 High an Low 4 Low i High 
TCLKB pin Low 7 High 1 High t Low 1 





In phase counting mode channel 2 operates as above regardless of the external clock edges 
selected by bits CKEG1 and CKEGO and the clock source selected by bits TPSC2 to TPSCO in 
TCR2. Phase counting mode takes precedence over these settings. 


The counter clearing condition selected by the CCLR1 and CCLRO bits in TCR2 and the compare 
match/input capture settings and interrupt functions of TIOR2, TIER2, and TSR2 remain effective 
in phase counting mode. 


Bit 5—Flag Direction (FDIR): Designates the setting condition for the OVF flag in TSR2. The 
FDIR designation is valid in all modes in channel 2. 





Bit 5 

FDIR Description 

0 OVF is set to 1 in TSR2 when TCNT2 overflows or underflows (Initial value) 
1 OVF is set to 1 in TSR2 when TCNT2 overflows 





Bit 4H—-PWM Mode 4 (PWM4): Selects whether channel 4 operates normally or in PWM mode. 








Bit 4 

PWM4 Description 

0 Channel 4 operates normally (Initial value) 
1 Channel 4 operates in PWM mode 





When bit PWM4 is set to 1 to select PWM mode, pin TIOCA4 becomes a PWM output pin. The 
output goes to | at compare match with GRA4, and to 0 at compare match with GRB4. 


If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMD1 and 
CMD0 in TFCR, the CMD1 and CMD0 setting takes precedence and the PWM4 setting is 
ignored. 
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Bit 3—PWM Mode 3 (PWM3): Selects whether channel 3 operates normally or in PWM mode. 








Bit 3 

PWM3 __ Description 

0 Channel 3 operates normally (Initial value) 
1 Channel 3 operates in PWM mode 


When bit PWM3 is set to 1 to select PWM mode, pin TIOCA3 becomes a PWM output pin. The 
output goes to | at compare match with GRA3, and to 0 at compare match with GRB3. 


If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMD1 and 
CMD0 in TFCR, the CMD1 and CMD0 setting takes precedence and the PWM3 setting is 
ignored. 


Bit 2—PWM Mode 2 (PWM2): Selects whether channel 2 operates normally or in PWM mode. 





Bit 2 

PWM2 Description 

0 Channel 2 operates normally (Initial value) 
1 Channel 2 operates in PWM mode 





When bit PWM2 is set to 1 to select PWM mode, pin TIOCA2 becomes a PWM output pin. The 
output goes to | at compare match with GRA2, and to 0 at compare match with GRB2. 


Bit 1—PWM Mode 1 (PWM1): Selects whether channel | operates normally or in PWM mode. 








Bit 1 

PWM1 Description 

0 Channel 1 operates normally (Initial value) 
1 Channel 1 operates in PWM mode 


When bit PWM is set to 1 to select PWM mode, pin TIOCA1 becomes a PWM output pin. The 
output goes to | at compare match with GRAI, and to 0 at compare match with GRB1. 
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Bit 0O—PWM Mode 0 (PWM0): Selects whether channel 0 operates normally or in PWM mode. 








Bit 0 

PWM0 Description 

0 Channel 0 operates normally (Initial value) 
1 Channel 0 operates in PWM mode 


When bit PWM is set to 1 to select PWM mode, pin TIOCAO becomes a PWM output pin. The 
output goes to 1 at compare match with GRAO, and to 0 at compare match with GRBO. 


10.2.4 Timer Function Control Register (TFCR) 


TFCR is an 8-bit readable/writable register that selects complementary PWM mode, reset- 
synchronized PWM mode, and buffering for channels 3 and 4. 




















Bit 7 5 4 3 2 1 0 
— CMD1 | CMDO | BFB4 BFA4 BFB3 BFA3 

Initial value 1 0 0 0 0 0 0 

Read/Write — R/W R/W R/W R/W R/W R/W 











Reserved bits 





Combination mode 1/0 

These bits select complementary 
PWM mode or reset-synchronized 
PWM mode for channels 3 and 4 





Buffer mode B4 and A4 
These bits select buffering of 
general registers (GRB4 and 
GRA4) by buffer registers 
(BRB4 and BRA4) in channel 4 


Buffer mode B3 and A3 
These bits select buffering 
of general registers (GRB3 
and GRAS) by buffer 
registers (BRB3 and BRAS) 
in channel 3 





TFCR is initialized to H'CO by a reset and in standby mode. 


Bits 7 and 6—Reserved: Read-only bits, always read as 1. 
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Bits 5 and 4—Combination Mode 1 and 0 (CMD1, CMD0): These bits select whether channels 
3 and 4 operate in normal mode, complementary PWM mode, or reset-synchronized PWM mode. 











Bit 5 Bit 4 

CMD1 CMDO Description 

0 0 Channels 3 and 4 operate normally (Initial value) 
1 

1 0 Channels 3 and 4 operate together in complementary PWM mode 
1 Channels 3 and 4 operate together in reset-synchronized PWM mode 





Before selecting reset-synchronized PWM mode or complementary PWM mode, halt the timer 
counter or counters that will be used in these modes. 


When these bits select complementary PWM mode or reset-synchronized PWM mode, they take 
precedence over the setting of the PWM mode bits (PWM4 and PWM3) in TMDR. Settings of 
timer sync bits SYNC4 and SYNC3 in TSNC are valid in complementary PWM mode and reset- 
synchronized PWM mode, however. When complementary PWM mode is selected, channels 3 
and 4 must not be synchronized (do not set bits SYNC3 and SYNC4 both to 1 in TSNC). 


Bit 3—Buffer Mode B4 (BFB4): Selects whether GRB4 operates normally in channel 4, or 
whether GRB4 is buffered by BRB4. 





Bit 3 

BFB4 Description 

0 GRB4 operates normally (Initial value) 
1 GRB4 is buffered by BRB4 





Bit 2—Buffer Mode A4 (BFA4): Selects whether GRA4 operates normally in channel 4, or 
whether GRA4 is buffered by BRA4. 








Bit 2 

BFA4 Description 

0 GRA4 operates normally (Initial value) 
1 GRA4 is buffered by BRA4 
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Bit 1—Buffer Mode B3 (BFB3): Selects whether GRB3 operates normally in channel 3, or 
whether GRB3 is buffered by BRB3. 





Bit 1 

BFB3 Description 

0 GRB3 operates normally (Initial value) 
1 GRB3 is buffered by BRB3 


Bit 0—Buffer Mode A3 (BFA3): Selects whether GRA3 operates normally in channel 3, or 
whether GRA3 is buffered by BRA3. 








Bit 0 

BFA3 Description 

0 GRAS operates normally (Initial value) 
1 GRAS is buffered by BRA3 





10.2.5 Timer Output Master Enable Register (TOER) 


TOER is an 8-bit readable/writable register that enables or disables output settings for channels 3 
and 4. 


























Bit 7 6 5 4 3 2 1 0 
—_ —_ EXB4 EXA4 EB3 EB4 EA4 EA3 

Initial value 1 1 1 1 1 1 1 1 

Read/Write = — R/W R/W R/W R/W R/W R/W 











Reserved bits 


Master enable TOCXA4, TOCXB4 
These bits enable or disable output 
settings for pins TOCXA4 and TOCXB4 


Master enable TIOCA3, TIOCB3 , TIOCA4, TIOCB4 


These bits enable or disable output settings for pins 
TIOCA3, TIOCB3 , TIOCA4, and TIOCB4 





TOER is initialized to H'FF by a reset and in standby mode. 


Bits 7 and 6—Reserved: Read-only bits, always read as 1. 
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Bit 5—Master Enable TOCXB4 (EXB4): Enables or disables ITU output at pin TOCXB4. 








Bit 5 

EXB4 Description 

0 TOCXB4 output is disabled regardless of TFCR settings (TOCXB4 operates as a generic 
input/output pin). 
If XTGD = 0, EXB4 is cleared to 0 when input capture A occurs in channel 1. 

1 TOCXB4 is enabled for output according to TFCR settings (Initial value) 





Bit 4—Master Enable TOCXA4 (EXA4): Enables or disables ITU output at pin TOCXA4. 








Bit 4 

EXA4 Description 

0 TOCXA4 output is disabled regardless of TFCR settings (TOCXA4 operates as a generic 
input/output pin). 
If XTGD = 0, EXA4 is cleared to 0 when input capture A occurs in channel 1. 

1 TOCXA4 is enabled for output according to TFCR settings (Initial value) 





Bit 3—Master Enable TIOCB3 (EB3): Enables or disables ITU output at pin TIOCB3. 








Bit 3 

EB3 Description 

0 TIOCB3 output is disabled regardless of TIOR3 and TFCR settings (TIOCB3 operates as 
a generic input/output pin). 
If XTGD = 0, EBS is cleared to 0 when input capture A occurs in channel 1. 

1 TIOCB3 is enabled for output according to TIOR3 and TFCR settings (Initial value) 
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Bit 2—Master Enable TIOCB4 (EB4): Enables or disables ITU output at pin TIOCB4. 








Bit 2 

EB4 Description 

0 TIOCB4 output is disabled regardless of TIOR4 and TFCR settings (TIOCB4 operates as 
a generic input/output pin). 
If XTGD = 0, EB4 is cleared to 0 when input capture A occurs in channel 1. 

1 TIOCB4 is enabled for output according to TIOR4 and TFCR settings (Initial value) 





Bit 1—Master Enable TIOCA4 (EA4): Enables or disables ITU output at pin TIOCA4. 





Bit 1 
EA4 Description 
0 TIOCA4 output is disabled regardless of TIOR4, TMDR, and TFCR settings (TIOCA4 


operates as a generic input/output pin). 
If XTGD = 0, EA4 is cleared to 0 when input capture A occurs in channel 1. 





1 TIOCA4 is enabled for output according to TIOR4, TMDR, and (Initial value) 
TFCR settings 





Bit 0—Master Enable TIOCA3 (EA3): Enables or disables ITU output at pin TIOCA3. 





Bit 0 
EA3 Description 
0 TIOCAS3 output is disabled regardless of TIOR3, TMDR, and TFCR settings (TIOCA3 


operates as a generic input/output pin). 
If XTGD = 0, EA3 is cleared to 0 when input capture A occurs in channel 1. 





1 TIOCAS is enabled for output according to TIOR3, TMDR, and (Initial value) 
TFCR settings 
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10.2.6 Timer Output Control Register (TOCR) 


TOCR is an 8-bit readable/writable register that selects externally triggered disabling of output in 
complementary PWM mode and reset-synchronized PWM mode, and inverts the output levels. 














Bit 7 6 5 4 3 2 1 0 
|} — | — | — | xteo] — | — | ose | oss 
Initial value 1 1 1 1 1 1 1 1 
Read/Write — — —_— R/W — —_— R/W R/W 
| 
Reserved bits Output level select 3, 4 


These bits select output 
levels in complementary 
PWM mode and reset- 
synchronized PWM mode 


Reserved bits 





External trigger disable 

Selects externally triggered disabling of output in 
complementary PWM mode and reset-synchronized 
PWM mode 


The settings of the XTGD, OLS4, and OLS3 bits are valid only in complementary PWM mode 
and reset-synchronized PWM mode. These settings do not affect other modes. 


TOCR is initialized to H'FF by a reset and in standby mode. 
Bits 7 to 5—Reserved: Read-only bits, always read as 1. 


Bit 4—External Trigger Disable (XTGD): Selects externally triggered disabling of ITU output 
in complementary PWM mode and reset-synchronized PWM mode. 


Bit 4 
XTGD __ Description 





0 Input capture A in channel 1 is used as an external trigger signal in complementary PWM 
mode and reset-synchronized PWM mode. 
When an external trigger occurs, bits 5 to 0 in TOER are cleared to 0, disabling ITU 
output. 





1 External triggering is disabled (Initial value) 
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Bits 3 and 2—Reserved: Read-only bits, always read as 1. 


Bit 1—Output Level Select 4 (OLS4): Selects output levels in complementary PWM mode and 
reset-synchronized PWM mode. 








Bit 1 

OLS4 Description 

0 TIOCA3, TIOCA4, and TIOCB4 outputs are inverted 

1 TIOCA3, TIOCA4, and TIOCB4 outputs are not inverted (Initial value) 


Bit 0—Output Level Select 3 (OLS3): Selects output levels in complementary PWM mode and 
reset-synchronized PWM mode. 





Bit 0 

OLS3 __— Description 

0 TIOCB3, TOCXA4, and TOCXB4 outputs are inverted 

1 TIOCB3, TOCXA4, and TOCXB4 outputs are not inverted (Initial value) 





10.2.7 Timer Counters (TCNT) 


TCNT is a 16-bit counter. The ITU has five TCNTs, one for each channel. 


Channel Abbreviation Function 




















0 TCNTO Up-counter 
1 TCNT1 
2 TCNT2 Phase counting mode: up/down-counter 
Other modes: up-counter 
3 TCNT3 Complementary PWM mode: up/down-counter 
4 TCNT4 Other modes: up-counter 
Bit 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 #0 



























































Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W RW R/W RW R/W R/W R/W R/W R/W R/W OR/W 


Each TCNT is a 16-bit readable/writable register that counts pulse inputs from a clock source. The 
clock source is selected by bits TPSC2 to TPSCO in TCR. 
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TCNTO and TCNT! are up-counters. TCNT2 is an up/down-counter in phase counting mode and 
an up-counter in other modes. TCNT3 and TCNT4 are up/down-counters in complementary PWM 
mode and up-counters in other modes. 


TCNT can be cleared to H'0000 by compare match with GRA or GRB or by input capture to GRA 
or GRB (counter clearing function) in the same channel. 


When TCNT overflows (changes from H'FFFF to H'0000), the OVF flag is set to 1 in TSR of the 
corresponding channel. 


When TCNT underflows (changes from H'0000 to H'FFFF), the OVF flag is set to 1 in TSR of the 
corresponding channel. 


The TCNTs are linked to the CPU by an internal 16-bit bus and can be written or read by either 
word access or byte access. 


Each TCNT is initialized to H'0000 by a reset and in standby mode. 
10.2.8 General Registers (GRA, GRB) 


The general registers are 16-bit registers. The ITU has 10 general registers, two in each channel. 


Channel Abbreviation Function 

















0 GRAO,GRBO = Output compare/input capture register 
1 GRA1, GRB1 
2 GRA2, GRB2 
3 GRA3,GRB3 = Output compare/input capture register; can be buffered by buffer 
4 GRA4, GRB4 registers BRA and BRB 
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 



























































Initial value 1 1 1 1 14 1 1 1 ee | 1 1 1 1 1 1 1 
Read/Write R/W R/W R/W R/W R/W R/W RW R/W R/W RW RW RW RW R/W R/WR/W 


A general register is a 16-bit readable/writable register that can function as either an output 
compare register or an input capture register. The function is selected by settings in TIOR. 


When a general register is used as an output compare register, its value is constantly compared 
with the TCNT value. When the two values match (compare match), the IMFA or IMFB flag is set 
to 1 in TSR. Compare match output can be selected in TIOR. 
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When a general register is used as an input capture register, rising edges, falling edges, or both 
edges of an external input capture signal are detected and the current TCNT value is stored in the 
general register. The corresponding IMFA or IMFB flag in TSR is set to 1 at the same time. The 
valid edge or edges of the input capture signal are selected in TIOR. 


TIOR settings are ignored in PWM mode, complementary PWM mode, and reset-synchronized 
PWM mode. 


General registers are linked to the CPU by an internal 16-bit bus and can be written or read by 
either word access or byte access. 


General registers are initialized to the output compare function (with no output signal) by a reset 
and in standby mode. The initial value is H'FFFF. 


10.2.9 Buffer Registers (BRA, BRB) 


The buffer registers are 16-bit registers. The ITU has four buffer registers, two each in channels 3 
and 4. 


Channel Abbreviation Function 
3 BRAS, BRB3 Used for buffering 





4 BRA4, BRB4 « When the corresponding GRA or GRB functions as an output 
compare register, BRA or BRB can function as an output compare 
buffer register: the BRA or BRB value is automatically transferred 
to GRA or GRB at compare match 


¢ When the corresponding GRA or GRB functions as an input 
capture register, BRA or BRB can function as an input capture 
buffer register: the GRA or GRB value is automatically transferred 
to BRA or BRB at input capture 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 



























































Initial value 1 1 1 1 14 1 1 1 14 1 1 1 1 1 14 1 
Read/Write R/W R/W R/W R/W R/W R/W RW R/W RW R/W R/W R/W R/W R/W R/W OR/W 


A buffer register is a 16-bit readable/writable register that is used when buffering is selected. 
Buffering can be selected independently by bits BFB4, BFA4, BFB3, and BFA3 in TFCR. 


The buffer register and general register operate as a pair. When the general register functions as an 
output compare register, the buffer register functions as an output compare buffer register. When 
the general register functions as an input capture register, the buffer register functions as an input 
capture buffer register. 
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The buffer registers are linked to the CPU by an internal 16-bit bus and can be written or read by 


either word or byte access. 


Buffer registers are initialized to H'FFFF by a reset and in standby mode. 


10.2.10 Timer Control Registers (TCR) 


TCR is an 8-bit register. The ITU has five TCRs, one in each channel. 












































Channel Abbreviation Function 
0 TCRO TCR controls the timer counter. The TCRs in all channels are 
1 TCR1 functionally identical. When phase counting mode is selected in 
channel 2, the settings of bits CKEG1 and CKEGO and TPSC2 to 
2 TCR2 TPSCO in TCR2 are ignored. 
3 TCR3 
4 TCR4 
Bit 7 6 5 4 3 2 1 0 
— CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO 
Initial value 1 0 0 0 0 0 0 0 
Read/Write — R/W R/W R/W R/W R/W R/W R/W 








Timer prescaler 2 to 0 
These bits select the 
counter clock 





Clock edge 1/0 
These bits select external clock edges 





Counter clear 1/0 
These bits select the counter clear source 


Reserved bit 


Each TCR is an 8-bit readable/writable register that selects the timer counter clock source, selects 
the edge or edges of external clock sources, and selects how the counter is cleared. 


TCR is initialized to H'80 by a reset and in standby mode. 


Bit 7—Reserved: Read-only bit, always read as 1. 
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Bits 6 and 5—Counter Clear 1/0 (CCLR1, CCLRO): These bits select how TCNT is cleared. 














Bit 6 Bit 5 

CCLR1 CCLRO Description 

0 0 TCNT is not cleared (Initial value) 
1 TCNT is cleared by GRA compare match or input capture*! 

1 0 TCNT is cleared by GRB compare match or input capture”! 
1 Synchronous clear: TCNT is cleared in synchronization with other 


synchronized timers*2 


Notes: 1. TCNT is cleared by compare match when the general register functions as an output 
compare register, and by input capture when the general register functions as an input 
capture register. 

2. Selected in TSNC. 


Bits 4 and 3—Clock Edge 1/0 (CKEG1, CKEG0): These bits select external clock input edges 
when an external clock source is used. 











Bit 4 Bit 3 

CKEG1 CKEGO Description 

0 0 Count rising edges (Initial value) 
1 Count falling edges 

1 — Count both edges 





When channel 2 is set to phase counting mode, bits CKEG1 and CKEGO in TCR2 are ignored. 
Phase counting takes precedence. 
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Bits 2 to O—Timer Prescaler 2 to 0 (TPSC2 to TPSC0): These bits select the counter clock 




















source. 
Bit 2 Bit 1 Bit 0 
TPSC2 TPSC1 TPSCO Function 
0 0 0 Internal clock: @ (Initial value) 
1 Internal clock: @/2 
1 0 Internal clock: @/4 
Internal clock: 2/8 
1 0 0 External clock A: TCLKA input 
1 External clock B: TCLKB input 
1 0 External clock C: TCLKC input 





External clock D: TCLKD input 


When bit TPSC2 is cleared to 0 an internal clock source is selected, and the timer counts only 
falling edges. When bit TPSC2 is set to 1 an external clock source is selected, and the timer 
counts the edge or edges selected by bits CKEG1 and CKEGO. 


When channel 2 is set to phase counting mode (MDF = 1| in TMDR), the settings of bits TPSC2 to 
TPSCO in TCR2 are ignored. Phase counting takes precedence. 


10.2.11 Timer I/O Control Register (TIOR) 


TIOR is an 8-bit register. The ITU has five TIORs, one in each channel. 

















Channel Abbreviation Function 

0 TIORO TIOR controls the general registers. Some functions differ in PWM 

1 TIOR1 mode. TIOR3 and TIOR4 settings are ignored when complementary 
PWM mode or reset-synchronized PWM mode is selected in 

2 TIOR2 channels 3 and 4. 

3 TIOR3 

4 TIOR4 
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Bit 7 6 5 4 3 2 1 0 
— IOB2 IOB1 IOBO — IOA2 IOA1 IOAO 

Initial value 1 0 0 0 1 0 0 0 

Read/Write — R/W R/W R/W — R/W R/W R/W 








1/O control B2 to BO 


/O control A2 to AO 
These bits select GRA 
functions 


Reserved bit 


These bits select GRB functions 


Reserved bit 


Each TIOR is an 8-bit readable/writable register that selects the output compare or input capture 
function for GRA and GRB, and specifies the functions of the TIOCA and TIOCB pins. If the 
output compare function is selected, TIOR also selects the type of output. If input capture is 
selected, TIOR also selects the edge or edges of the input capture signal. 


TIOR is initialized to H'88 by a reset and in standby mode. 


Bit 7—Reserved: Read-only bit, always read as 1. 


Bits 6 to 4—I/O Control B2 to BO (IOB2 to IOBO): These bits select the GRB function. 


Bit 6 Bit 5 Bit 4 






































IOB2 1IOB1 IOBO Function 
0 0 0 GRB is an output ~—No output at compare match (Initial value) 
1 compare register 0 output at GRB compare match*! 
1 0 1 output at GRB compare match”! 
1 Output toggles at GRB compare match 
(1 output in channel 2)*1, *2 
1 0 0 GRB is an input GRB captures rising edge of input 
1 Gapturenegisiel GRB captures falling edge of input 
1 0 GRB captures both edges of input 





1 





Notes: 1. After a reset, the output is 0 until the first compare match. 
2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output 


instead. 
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Bit 3—Reserved: Read-only bit, always read as 1. 


Bits 2 to O—I/O Control A2 to AO (IOA2 to IOAO): These bits select the GRA function. 






































Bit 2 Bit 1 Bit 0 
IOA2 1IOA1 IOAO Function 
0 0 0 GRA is an output ~—No output at compare match (Initial value) 
1 compare segisier 0 output at GRA compare match*! 
1 0 1 output at GRA compare match*1 
1 Output toggles at GRA compare match 
(1 output in channel 2)*1, *2 
1 0 0 GRA is an input GRA captures rising edge of input 
1 Gaplure:tegisier GRA captures falling edge of input 
1 0 GRA captures both edges of input 





1 





Notes: 1. After a reset, the output is 0 until the first compare match. 
2. Channel 2 output cannot be toggled by compare match. This setting selects 1 output 


instead. 


10.2.12 Timer Status Register (TSR) 


TSR is an 8-bit register. The ITU has five TSRs, one in each channel. 














Channel Abbreviation 
0 TSRO 
1 TSR1 
2 TSR2 
3 TSR3 
4 TSR4 


Function 


Indicates input capture, compare match, and overflow status 
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Bit 7 6 5 4 3 2 1 0 
— — — — — OVF IMFB IMFA 
Initial value 1 1 1 1 1 0 0 0 
Read/Write — — — — — R/(W)* = R/(W)* — R/(W)* 






































Reserved bits 


Overflow flag 
Status flag indicating 
overflow or underflow 


Input capture/compare match flag B 
Status flag indicating GRB compare 
match or input capture 





Input capture/compare match flag A 
Status flag indicating GRA compare 
match or input capture 
Note: * Only 0 can be written, to clear the flag. 
Each TSR is an 8-bit readable/writable register containing flags that indicate TCNT overflow or 


underflow and GRA or GRB compare match or input capture. These flags are interrupt sources 
and generate CPU interrupts if enabled by corresponding bits in TIER. 


TSR is initialized to H'F8 by a reset and in standby mode. 
Bits 7 to 3—Reserved: Read-only bits, always read as 1. 


Bit 2—Overflow Flag (OVF): This status flag indicates TCNT overflow or underflow. 





Bit 2 

OVF Description 

0 [Clearing condition] (Initial value) 
Read OVF when OVF = 1, then write 0 in OVF 

1 [Setting condition] 


TCNT overflowed from H'FFFF to H'0000, or underflowed from H'0000 to H'FFFF* 


Notes: * TCNT underflow occurs when TCNT operates as an up/down-counter. Underflow occurs 
only under the following conditions: 
1. Channel 2 operates in phase counting mode (MDF = 1 in TMDR) 
2. Channels 3 and 4 operate in complementary PWM mode (CMD1 = 1 and CMDO = 0 in 
TFCR) 
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Bit 1—Input Capture/Compare Match Flag B (IMFB): This status flag indicates GRB 
compare match or input capture events. 


Bit 1 
IMFB 


0 


Description 


[Clearing condition] (Initial value) 
Read IMFB when IMFB = 1, then write 0 in IMFB 





[Setting conditions] 

TCNT = GRB when GRB functions as an output compare register. 

TCNT value is transferred to GRB by an input capture signal, when GRB functions as 
an input capture register. 





Bit 0O—Input Capture/Compare Match Flag A (IMFA): This status flag indicates GRA 
compare match or input capture events. 





Bit 0 
IMFA Description 
0 [Clearing condition] (Initial value) 


Read IMFA when IMFA = 1, then write 0 in IMFA. 
DMAC activated by IMIA interrupt (channels 0 to 3 only). 





[Setting conditions] 

TCNT = GRA when GRA functions as an output compare register. 

TCNT value is transferred to GRA by an input capture signal, when GRA functions 
as an input capture register. 
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10.2.13 Timer Interrupt Enable Register (TIER) 
TIER is an 8-bit register. The ITU has five TIERs, one in each channel. 


Channel Abbreviation Function 























0 TIERO Enables or disables interrupt requests. 

1 TIER1 

2 TIER2 

3 TIERS 

4 TIER4 

Bit 7 6 5 4 3 2 1 0 

| — | — | — | — | — | OVIE | IMIEB | IMIEA | 

Initial value 1 1 1 1 1 0 0 0 
Read/Write = = = = — R/W R/W R/W 








Reserved bits 


Overflow interrupt enable 
Enables or disables OVF 
interrupts 


Input capture/compare match 
interrupt enable B 
Enables or disables IMFB interrupts 





Input capture/compare match 
interrupt enable A 

Enables or disables IMFA 
interrupts 


Each TIER is an 8-bit readable/writable register that enables and disables overflow interrupt 
requests and general register compare match and input capture interrupt requests. 


TIER is initialized to H'F8 by a reset and in standby mode. 


Bits 7 to 3—Reserved: Read-only bits, always read as 1. 
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Bit 2—Overflow Interrupt Enable (OVIE): Enables or disables the interrupt requested by the 
OVF flag in TSR when OVF is set to 1. 





Bit 2 

OVIE Description 

0 OVI interrupt requested by OVF is disabled (Initial value) 
1 OVI interrupt requested by OVF is enabled 


Bit 1—Input Capture/Compare Match Interrupt Enable B (IMIEB): Enables or disables the 
interrupt requested by the IMFB flag in TSR when IMFB is set to 1. 








Bit 1 

IMIEB_ _— Description 

0 IMIB interrupt requested by IMFB is disabled (Initial value) 
1 IMIB interrupt requested by IMFB is enabled 





Bit 0O—Input Capture/Compare Match Interrupt Enable A (IMIEA): Enables or disables the 
interrupt requested by the IMFA flag in TSR when IMFA is set to 1. 





Bit 0 

IMIEA __ Description 

0 IMIA interrupt requested by IMFA is disabled (Initial value) 
1 IMIA interrupt requested by IMFA is enabled 
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10.3 CPU Interface 
10.3.1 16-Bit Accessible Registers 


The timer counters (TCNTs), general registers A and B (GRAs and GRBs), and buffer registers A 
and B (BRAs and BRBs) are 16-bit registers, and are linked to the CPU by an internal 16-bit data 
bus. These registers can be written or read a word at a time, or a byte at a time. 


Figures 10-6 and 10-7 show examples of word access to a timer counter (TCNT). Figures 10-8, 
10-9, 10-10, and 10-11 show examples of byte access to TCNTH and TCNTL. 





On-chip data bus 
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CPU L Bus interface ee . 

===» < ; » 

TCNTH TCNTL 
Figure 10-6 Access to Timer Counter (CPU Writes to TCNT, Word) 
On-chip data bus 
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Figure 10-7 Access to Timer Counter (CPU Reads TCNT, Word) 
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Figure 10-8 Access to Timer Counter (CPU Writes to TCNT, Upper Byte) 
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Figure 10-9 Access to Timer Counter (CPU Writes to TCNT, Lower Byte) 
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Figure 10-10 Access to Timer Counter (CPU Reads TCNT, Upper Byte) 
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Figure 10-11 Access to Timer Counter (CPU Reads TCNT, Lower Byte) 


10.3.2 8-Bit Accessible Registers 


The registers other than the timer counters, general registers, and buffer registers are 8-bit 
registers. These registers are linked to the CPU by an internal 8-bit data bus. 


Figures 10-12 and 10-13 show examples of byte read and write access to a TCR. 


If a word-size data transfer instruction is executed, two byte transfers are performed. 
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Figure 10-12 TCR Access (CPU Writes to TCR) 
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Figure 10-13 TCR Access (CPU Reads TCR) 
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10.4 Operation 
10.4.1 Overview 
A summary of operations in the various modes is given below. 


Normal Operation: Each channel has a timer counter and general registers. The timer counter 
counts up, and can operate as a free-running counter, periodic counter, or external event counter. 
General registers A and B can be used for input capture or output compare. 


Synchronous Operation: The timer counters in designated channels are preset synchronously. 
Data written to the timer counter in any one of these channels is simultaneously written to the 
timer counters in the other channels as well. The timer counters can also be cleared synchronously 
if so designated by the CCLR1 and CCLRO bits in the TCRs. 


PWM Mode: A PWM waveform is output from the TIOCA pin. The output goes to 1 at compare 
match A and to 0 at compare match B. The duty cycle can be varied from 0% to 100% depending 
on the settings of GRA and GRB. When a channel is set to PWM mode, its GRA and GRB 
automatically become output compare registers. 


Reset-Synchronized PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with 
complementary waveforms. (The three phases are related by having a common transition point.) 
When reset-synchronized PWM mode is selected GRA3, GRB3, GRA4, and GRB4 automatically 
function as output compare registers, TIOCA3, TIOCB3, TIOCA4, TOCXA4, TIOCB4, and 
TOCXB4 function as PWM output pins, and TCNT3 operates as an up-counter. TCNT4 operates 
independently, and is not compared with GRA4 or GRB4. 


Complementary PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with 
non-overlapping complementary waveforms. When complementary PWM mode is selected 
GRA3, GRB3, GRA4, and GRB4 automatically function as output compare registers, and 
TIOCA3, TIOCB3, TIOCA4, TOCXA4, TIOCB4, and TOCXB4 function as PWM output pins. 
TCNT3 and TCNT4 operate as up/down-counters. 


Phase Counting Mode: The phase relationship between two clock signals input at TCLKA and 
TCLKB is detected and TCNT2 counts up or down accordingly. When phase counting mode is 
selected TCLKA and TCLKB become clock input pins and TCNT2 operates as an up/down- 
counter. 
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Buffering 


If the general register is an output compare register 
When compare match occurs the buffer register value is transferred to the general register. 
If the general register is an input capture register 


When input capture occurs the TCNT value is transferred to the general register, and the 
previous general register value is transferred to the buffer register. 


Complementary PWM mode 


The buffer register value is transferred to the general register when TCNT3 and TCNT4 
change counting direction. 


Reset-synchronized PWM mode 


The buffer register value is transferred to the general register at GRA3 compare match. 


10.4.2 Basic Functions 


Counter Operation: When one of bits STRO to STR4 is set to | in the timer start register 
(TSTR), the timer counter (TCNT) in the corresponding channel starts counting. The counting can 
be free-running or periodic. 


Sample setup procedure for counter 


Figure 10-14 shows a sample procedure for setting up a counter. 
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C Counter setup +) 


Select counter clock 1 
Type of counting? 


( Free-running counting +) 
C Periodic counting +») 





























Select counter clear source 2 











Select output compare 





























register function 3 
Set period 4 
Start counter 5 Start counter 5 
Periodic counter Free-running counter 








Figure 10-14 Counter Setup Procedure (Example) 


1. Set bits TPSC2 to TPSCO in TCR to select the counter clock source. If an external clock 
source is selected, set bits CKEG1 and CKEGO in TCR to select the desired edge(s) of the 
external clock signal. 

2. For periodic counting, set CCLR1 and CCLRO in TCR to have TCNT cleared at GRA 
compare match or GRB compare match. 

3. Set TIOR to select the output compare function of GRA or GRB, whichever was selected in 
step 2. 

4. Write the count period in GRA or GRB, whichever was selected in step 2. 

5. Set the STR bit to 1 in TSTR to start the timer counter. 
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Free-running and periodic counter operation 


A reset leaves the counters (TCNTs) in ITU channels 0 to 4 all set as free-running counters. A 
free-running counter starts counting up when the corresponding bit in TSTR is set to 1. When 
the count overflows from H'FFFF to H'0000, the OVF flag is set to 1 in TSR. If the 
corresponding OVIE bit is set to 1 in TIER, a CPU interrupt is requested. After the overflow, 
the counter continues counting up from H'0000. Figure 10-15 illustrates free-running 
counting. 





TCNT value 





H'0000 








STRO to 
STR4 bit 


OVF | a 








Figure 10-15 Free-Running Counter Operation 


When a channel is set to have its counter cleared by compare match, in that channel TCNT 
operates as a periodic counter. Select the output compare function of GRA or GRB, set bit 
CCLRI1 or CCLRO in TCR to have the counter cleared by compare match, and set the count 
period in GRA or GRB. After these settings, the counter starts counting up as a periodic 
counter when the corresponding bit is set to | in TSTR. When the count matches GRA or 
GRB, the IMFA or IMFB flag is set to 1 in TSR and the counter is cleared to H'0000. If the 
corresponding IMIFA or IMIEB bit is set to 1 in TIER, a CPU interrupt is requested at this 
time. After the compare match, TCNT continues counting up from H'0000. Figure 10-16 
illustrates periodic counting. 
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Figure 10-16 Periodic Counter Operation 














¢ TCNT count timing 
— Internal clock source 


Bits TPSC2 to TPSCO in TCR select the system clock (@) or one of three internal clock 
sources obtained by prescaling the system clock (6/2, @/4, @/8). 
Figure 10-17 shows the timing. 
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Figure 10-17 Count Timing for Internal Clock Sources 
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— External clock source 


Bits TPSC2 to TPSCO in TCR select an external clock input pin (TCLKA to TCLKD), 
and its valid edge or edges are selected by bits CKEG1 and CKEGO. The rising edge, 
falling edge, or both edges can be selected. 


The pulse width of the external clock signal must be at least 1.5 system clocks when a 
single edge is selected, and at least 2.5 system clocks when both edges are selected. 
Shorter pulses will not be counted correctly. 


Figure 10-18 shows the timing when both edges are detected. 
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Figure 10-18 


Count Timing for External Clock Sources (when Both Edges are Detected) 
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Waveform Output by Compare Match: In ITU channels 0, 1, 3, and 4, compare match A or B 
can cause the output at the TIOCA or TIOCB pin to go to 0, go to 1, or toggle. In channel 2 the 
output can only go to 0 or go to 1. 


¢ Sample setup procedure for waveform output by compare match 


Figure 10-19 shows a sample procedure for setting up waveform output by compare match. 


( Output setup ) 1. Select the compare match output mode (0, 1, or 


toggle) in TIOR. When a waveform output mode 
is selected, the pin switches from its generic input/ 
output function to the output compare function 

1 (TIOCA or TIOCB). An output compare pin outputs 
0 until the first compare match occurs. 











Select waveform 
output mode 








Set output timing 2 2. Setavalue in GRA or GRB to designate the 
compare match timing. 








Start counter 3 3. Set the STR bit to 1 in TSTR to start the timer 
counter. 














Y 
Waveform output 








Figure 10-19 Setup Procedure for Waveform Output by Compare Match (Example) 


¢ Examples of waveform output 


Figure 10-20 shows examples of 0 and 1 output. TCNT operates as a free-running counter, 0 
output is selected for compare match A, and 1 output is selected for compare match B. When 
the pin is already at the selected output level, the pin level does not change. 
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Figure 10-20 0 and 1 Output (Examples) 


Figure 10-21 shows examples of toggle output. TCNT operates as a periodic counter, cleared 
by compare match B. Toggle output is selected for both compare match A and B. 
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Figure 10-21 Toggle Output (Example) 
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Output compare timing 


The compare match signal is generated in the last state in which TCNT and the general 
register match (when TCNT changes from the matching value to the next value). When the 
compare match signal is generated, the output value selected in TIOR is output at the output 
compare pin (TIOCA or TIOCB). When TCNT matches a general register, the compare 
match signal is not generated until the next counter clock pulse. 

Figure 10-22 shows the output compare timing. 
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Figure 10-22 Output Compare Timing 


Input Capture Function: The TCNT value can be captured into a general register when a 
transition occurs at an input capture/output compare pin (TIOCA or TIOCB). Capture can take 
place on the rising edge, falling edge, or both edges. The input capture function can be used to 
measure pulse width or period. 


Sample setup procedure for input capture 


Figure 10-23 shows a sample procedure for setting up input capture. 
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=e 


C Input selection S . Set TIOR to select the input capture function of a 
general register and the rising edge, falling edge, 























or both edges of the input capture signal. Clear the 
port data direction bit to 0 before making these 
Select input-capture input | 1 TIOR settings. 
Start counter 2 2. Setthe STR bit to 1 in TSTR to start the timer 
counter. 
ii 





Input capture 








Figure 10-23 Setup Procedure for Input Capture (Example) 
e Examples of input capture 


Figure 10-24 illustrates input capture when the falling edge of TIOCB and both edges of 
TIOCA are selected as capture edges. TCNT is cleared by input capture into GRB. 





TCNT value Counter cleared by TIOCB 


“ir input (falling edge) 












































Figure 10-24 Input Capture (Example) 
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¢ Input capture signal timing 


Input capture on the rising edge, falling edge, or both edges can be selected by settings in 
TIOR. Figure 10-25 shows the timing when the rising edge is selected. The pulse width of the 
input capture signal must be at least 1.5 system clocks for single-edge capture, and 2.5 system 


clocks for capture of both edges. 
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Input-capture input 
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Figure 10-25 Input Capture Signal Timing 
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10.4.3 Synchronization 


The synchronization function enables two or more timer counters to be synchronized by writing 
the same data to them simultaneously (synchronous preset). With appropriate TCR settings, two or 
more timer counters can also be cleared simultaneously (synchronous clear). Synchronization 
enables additional general registers to be associated with a single time base. Synchronization can 
be selected for all channels (0 to 4). 


Sample Setup Procedure for Synchronization: Figure 10-26 shows a sample procedure for 
setting up synchronization. 








C setup for synchronization 


Select synchronization 








= 




















Ge Synchronous preset >» C Synchronous clear +» 


Clearing 

















No 













































synchronized to this 
; channel? 
Write to TCNT 2 

Yes 

| Select counter clear source | 3 Select counter clear source | 4 

| Start counter | 5 Start counter 5 

y y y 
Synchronous preset Counter clear Synchronous clear 


= 


. Set the SYNC bits to 1 in TSNC for the channels to be synchronized. 

2. When a value is written in TCNT in one of the synchronized channels, the same value is 
simultaneously written in TCNT in the other channels (synchronized preset). 

. Set the CCLR1 or CCLRO bit in TCR to have the counter cleared by compare match or input capture. 

. Set the CCLR1 and CCLRO bits in TCR to have the counter cleared synchronously. 

. Set the STR bits in TSTR to 1 to start the synchronized counters. 


aR 








Figure 10-26 Setup Procedure for Synchronization (Example) 
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Example of Synchronization: Figure 10-27 shows an example of synchronization. Channels 0, 1, 
and 2 are synchronized, and are set to operate in PWM mode. Channel 0 is set for counter clearing 
by compare match with GRBO. Channels | and 2 are set for synchronous counter clearing. The 
timer counters in channels 0, 1, and 2 are synchronously preset, and are synchronously cleared by 
compare match with GRBO. A three-phase PWM waveform is output from pins TIOCAO, 
TIOCA1, and TIOCA2. For further information on PWM mode, see section 10.4.4, PWM Mode. 
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Figure 10-27 Synchronization (Example) 
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10.4.4 PWM Mode 


In PWM mode GRA and GRB are paired and a PWM waveform is output from the TIOCA pin. 
GRA specifies the time at which the PWM output changes to 1. GRB specifies the time at which 
the PWM output changes to 0. If either GRA or GRB is selected as the counter clear source, a 
PWM waveform with a duty cycle from 0% to 100% is output at the TIOCA pin. PWM mode can 
be selected in all channels (0 to 4). 


Table 10-4 summarizes the PWM output pins and corresponding registers. If the same value is set 
in GRA and GRB, the output does not change when compare match occurs. 


Table 10-4 PWM Output Pins and Registers 














Channel Output Pin 1 Output 0 Output 
0 TIOCAO GRAO GRBO 
1 TIOCA1 GRA1 GRB1 
2 TIOCA2 GRA2 GRB2 
3 TIOCA3 GRA3 GRB3 
4 TIOCA4 GRA4 GRB4 
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Sample Setup Procedure for PWM Mode: Figure 10-28 shows a sample procedure for setting 
up PWM mode. 








PWM mode 1. Set bits TPSC2 to TPSCO in TCR to 

, select the counter clock source. If an 
external clock source is selected, set 
bits CKEG1 and CKEGO in TCR to 
select the desired edge(s) of the 
external clock signal. 

2. Set bits CCLR1 and CCLRO in TCR 

Select counter clear source 2 to select the counter clear source. 

3. Set the time at which the PWM 
waveform should go to 1 in GRA. 

4. Set the time at which the PWM 

Set GRA 3 waveform should go to 0 in GRB. 

5. Set the PWM bit in TMDR to select 
PWM mode. When PWM mode is 

Set GRB 4 selected, regardless of the TIOR 

contents, GRA and GRB become 

output compare registers specifying 

the times at which the PWM output 

Select PWM mode 5 goes to 1 and 0. The TIOCA pin 

automatically becomes the PWM 

output pin. The TIOCB pin conforms 

to the settings of bits IOB1 and lIOBO 

in TIOR. If TIOCB output is not 

desired, clear both |OB1 and IOBO to 0. 

y 6. Set the STR bit to 1 in TSTR to start 
PWM mode the timer counter. 








Select counter clock 1 












































Start counter 6 




















Figure 10-28 Setup Procedure for PWM Mode (Example) 
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Examples of PWM Mode: Figure 10-29 shows examples of operation in PWM mode. In PWM 
mode TIOCA becomes an output pin. The output goes to | at compare match with GRA, and to 0 
at compare match with GRB. 


In the examples shown, TCNT is cleared by compare match with GRA or GRB. Synchronized 
operation and free-running counting are also possible. 





TCNT value 
ry 


Pe Counter cleared by compare match with GRA 
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TIOCA 





























a. Counter cleared by GRA 


TCNT value 
A ¥ Counter cleared by compare match with GRB 


GRB 


GRA 








H'0000 
































TIOCA 








b. Counter cleared by GRB 








Figure 10-29 PWM Mode (Example 1) 
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Figure 10-30 shows examples of the output of PWM waveforms with duty cycles of 0% and 
100%. If the counter is cleared by compare match with GRB, and GRA is set to a higher value 
than GRB, the duty cycle is 0%. If the counter is cleared by compare match with GRA, and GRB 
is set to a higher value than GRA, the duty cycle is 100%. 





TON ee Counter cleared by compare match with GRB 


GRB 


GRA 











TIOCA | , | 


Write to GRA Write to GRA 





a. 0% duty cycle 


None Counter cleared by compare match with GRA 


GRA 


GRB 











H'0000 


TIOCA | = 

















Write to GRB Write to GRB 


b. 100% duty cycle 








Figure 10-30 PWM Mode (Example 2) 
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10.4.5 Reset-Synchronized PWM Mode 


In reset-synchronized PWM mode channels 3 and 4 are combined to produce three pairs of 
complementary PWM waveforms, all having one waveform transition point in common. 


When reset-synchronized PWM mode is selected TIOCA3, TIOCB3, TIOCA4, TOCXA4, 
TIOCB4, and TOCXB4 automatically become PWM output pins, and TCNT3 functions as an up- 
counter. 


Table 10-5 lists the PWM output pins. Table 10-6 summarizes the register settings. 


Table 10-5 Output Pins in Reset-Synchronized PWM Mode 


Channel OutputPin Description 

















3 TIOCA3 PWM output 1 
TIOCB3 PWM output 1° (complementary waveform to PWM output 1) 
4 TIOCA4 PWM output 2 
TOCXA4 PWM output 2° (complementary waveform to PWM output 2) 
TIOCB4 PWM output 3 





TOCXB4 PWM output 3° (complementary waveform to PWM output 3) 





Table 10-6 Register Settings in Reset-Synchronized PWM Mode 


Register Setting 

















TCNT3 Initially set to H'OO00 

TCNT4 Not used (operates independently) 

GRA3 Specifies the count period of TCNT3 

GRB3 Specifies a transition point of PWM waveforms output from TIOCA3 and TIOCB3 
GRA4 Specifies a transition point of PWM waveforms output from TIOCA4 and TOCXA4 
GRB4 Specifies a transition point of PWM waveforms output from TIOCB4 and TOCXB4 
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Sample Setup Procedure for Reset-Synchronized PWM Mode: Figure 10-31 shows a sample 
procedure for setting up reset-synchronized PWM mode. 





(— eS 
Reset-synchronized PWM mode 1. Clear the STR3 bit in TSTR to 0 to 
mee halt TCNT3. Reset-synchronized 








PWM mode must be set up while 

TCNTS is halted. 

Stop counter 1 2. Set bits TPSC2 to TPSCO in TCR to 

select the counter clock source for 

channel 3. If an external clock source 

Select counter clock 2 is selected, select the external clock 
edge(s) with bits CKEG1 and CKEGO 
in TCR. 

3. Set bits CCLR1 and CCLRO in TCR3 
to select GRA3 compare match as 
the counter clear source. 

4. Set bits CMD1 and CMDO in TFCR to 

Select reset-synchronized 4 select reset-synchronized PWM mode. 

PWM mode TIOCAS, TIOCB3, TIOCA4, TIOCB4, 

TOCXA4, and TOCXB4 automatically 

become PWM output pins. 

Set TCNT 5 5. Preset TCNT3 to H'0000. TCNT4 

need not be preset. 
6. GRAS is the waveform period register. 

6 Set the waveform period value in 

GRAS. Set transition times of the 
PWM output waveforms in GRB3, 
GRA4, and GRB4. Set times within 

Start counter Ng the compare match range of TCNTS. 
X < GRAS (X: setting value) 

7. Set the STR3 bit in TSTR to 1 to start 


' TCNT3. 
Reset-synchronized PWM mode 




















Select counter clear source 3 


























Set general registers 


























Figure 10-31 Setup Procedure for Reset-Synchronized PWM Mode (Example) 
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Example of Reset-Synchronized PWM Mode: Figure 10-32 shows an example of operation in 
reset-synchronized PWM mode. TCNT3 operates as an up-counter in this mode. TCNT4 operates 
independently, detached from GRA4 and GRB4. When TCNT3 matches GRA3, TCNT3 is 
cleared and resumes counting from H'0000. The PWM outputs toggle at compare match of 
TCNT3 with GRB3, GRA4, and GRB4 respectively, and all toggle when the counter is cleared. 





TCNTS value 
r ee Counter cleared at compare match with GRA3 
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Figure 10-32 Operation in Reset-Synchronized PWM Mode (Example) 
(when OLS3 = OLS4 = 1) 


For the settings and operation when reset-synchronized PWM mode and buffer mode are both 
selected, see section 10.4.8, Buffering. 
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10.4.6 Complementary PWM Mode 


In complementary PWM mode channels 3 and 4 are combined to output three pairs of 
complementary, non-overlapping PWM waveforms. 


When complementary PWM mode is selected TIOCA3, TIOCB3, TIOCA4, TOCXA4, TIOCB4, 
and TOCXB4 automatically become PWM output pins, and TCNT3 and TCNT4 function as 
up/down-counters. 


Table 10-7 lists the PWM output pins. Table 10-8 summarizes the register settings. 


Table 10-7 Output Pins in Complementary PWM Mode 


Channel OutputPin Description 




















3 TIOCA3 PWM output 1 
TIOCB3 PWM output 1° (non-overlapping complementary waveform to PWM 
output 1) 
4 TIOCA4 PWM output 2 
TOCXA4 PWM output 2’ (non-overlapping complementary waveform to PWM 
output 2) 
TIOCB4 PWM output 3 
TOCXB4 PWM output 3’ (non-overlapping complementary waveform to PWM 
output 3) 





Table 10-8 Register Settings in Complementary PWM Mode 


Register Setting 




















TCNT3 Initially specifies the non-overlap margin (difference to TCNT4) 

TCNT4 Initially set to H'0000 

GRA3 Specifies the upper limit value of TCNT3 minus 1 

GRB3 Specifies a transition point of PWM waveforms output from TIOCA3 and TIOCB3 
GRA4 Specifies a transition point of PWM waveforms output from TIOCA4 and TOCXA4 
GRB4 Specifies a transition point of PWM waveforms output from TIOCB4 and TOCXB4 
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Setup Procedure for Complementary PWM Mode: 


setting up complementary PWM mode. 


Figure 10-33 shows a sample procedure for 







































































Complementary PWM mode 1. 
Stop counting 1 
2 
Select counter clock 2 
Select complementary 3 
PWM mode 
3 
Set TCNTs 4 
Set general registers 5 4. 
Start counters 6 5 
Y 


Complementary PWM mode 


Clear bits STR3 and STR4 to 0 in 
TSTR to halt the timer counters. 
Complementary PWM mode must be 
set up while TCNT3 and TCNT4 are 
halted. 


. Set bits TPSC2 to TPSCO in TCR to 


select the same counter clock source 
for channels 3 and 4. If an external 
clock source is selected, select the 
external clock edge(s) with bits 
CKEG1 and CKEGO in TCR. Do not 
select any counter clear source 

with bits CCLR1 and CCLRO in TCR. 


. Set bits CMD1 and CMDO in TFCR 


to select complementary PWM mode. 
TIOCA3, TIOCB3, TIOCA4, TIOCB4, 
TOCXA4, and TOCXB4 automatically 
become PWM output pins. 


Clear TCNT4 to H'0000. Set the 
non-overlap margin in TCNT3. Do not 
set TCNT3 and TCNT4 to the same 
value. 


. GRAS is the waveform period 


register. Set the upper limit value of 
TCNTS3 minus 1 in GRAS. Set 
transition times of the PWM output 
waveforms in GRB3, GRA4, and 
GRB4. Set times within the compare 
match range of TCNT3 and TCNT4. 
T <X (X: initial setting of GRB3, 
GRA4, or GRB4. T: initial setting of 
TCNTS3) 


. Set bits STR3 and STR4 in TSTR to 


1 to start TCNT3 and TCNT4. 


Note: After exiting complementary PWM mode, to resume operating in complementary 
PWM mode, follow the entire setup procedure from step 1 again. 





Figure 10-33 Setup Procedure for Complementary PWM Mode (Example) 
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Clearing Procedure for Complementary PWM Mode: Figure 10-34 shows the steps to clear 
complementary PWM mode. 








f 
SS 


Complementary PWM mode 


es 








Clear complementary PWM mode 














Stop counter operation 











Y 
Normal operating mode 


1. Clear the CMD1 bit of TFCR to 0 to 
set channels 3 and 4 to normal 
operating mode. 


2. After setting channels 3 and 4 to 


normal operating mode, wait at least 
one counter clock period, then clear 
bits STR3 and STR4 of TSTR to 0 to 
stop counter operation of TCNT3 and 
TCNT4. 





Figure 10-34 Clearing Procedure for Complementary PWM Mode 





Examples of Complementary PWM Mode: Figure 10-35 shows an example of operation in 
complementary PWM mode. TCNT3 and TCNT4 operate as up/down-counters, counting down 
from compare match between TCNT3 and GRA3 and counting up from the point at which 
TCNT4 underflows. During each up-and-down counting cycle, PWM waveforms are generated by 
compare match with general registers GRB3, GRA4, and GRB4. Since TCNT3 is initially set to a 
higher value than TCNT4, compare match events occur in the sequence TCNT3, TCNT4, TCNT4, 
TCNT3. 
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Figure 10-35 Operation in Complementary PWM Mode (Example 1, OLS3 = OLS4 = 1) 
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Figure 10-36 shows examples of waveforms with 0% and 100% duty cycles (in one phase) in 
complementary PWM mode. In this example the outputs change at compare match with GRB3, so 
waveforms with duty cycles of 0% or 100% can be output by setting GRB3 to a value larger than 
GRA3. The duty cycle can be changed easily during operation by use of the buffer registers. For 
further information see section 10.4.8, Buffering. 
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Figure 10-36 Operation in Complementary PWM Mode (Example 2, OLS3 = OLS4 = 1) 
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In complementary PWM mode, TCNT3 and TCNT4 overshoot and undershoot at the transitions 
between up-counting and down-counting. The setting conditions for the IMFA bit in channel 3 
and the OVF bit in channel 4 differ from the usual conditions. In buffered operation the buffer 
transfer conditions also differ. Timing diagrams are shown in figures 10-37 and 10-38. 
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Figure 10-37 Overshoot Timing 
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Figure 10-38 Undershoot Timing 


In channel 3, IMFA is set to | only during up-counting. In channel 4, OVF is set to 1 only when 


an underflow occurs. When buffering is selected, buffer register contents are transferred to the 


general register at compare match A3 during up-counting, and when TCNT4 underflows. 


General Register Settings in Complementary PWM Mode: When setting up general registers 
for complementary PWM mode or changing their settings during operation, note the following 
points. 


Initial settings 


Do not set values from H'0000 to T — 1 (where T is the initial value of TCNT3). After the 
counters start and the first compare match A3 event has occurred, however, settings in this 
range also become possible. 


Changing settings 


Use the buffer registers. Correct waveform output may not be obtained if a general register is 
written to directly. 


Cautions on changes of general register settings 


Figure 10-39 shows six correct examples and one incorrect example. 
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Figure 10-39 Changing a General Register Setting by Buffer Transfer (Example 1) 
— Buffer transfer at transition from up-counting to down-counting 


If the general register value is in the range from GRA3 — T + | to GRA3, do not transfer a 
buffer register value outside this range. Conversely, if the general register value is outside 
this range, do not transfer a value within this range. See figure 10-40. 








GRAS + 1 
GRA3 


GRA3—T +1 
GRAS — T 








Figure 10-40 Changing a General Register Setting by Buffer Transfer (Caution 1) 
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— Buffer transfer at transition from down-counting to up-counting 


If the general register value is in the range from H'0000 to T — 1, do not transfer a buffer 
register value outside this range. Conversely, when a general register value is outside this 
range, do not transfer a value within this range. See figure 10-41. 








TCNT3 






Illegal changes 





Figure 10-41 Changing a General Register Setting by Buffer Transfer (Caution 2) 
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— General register settings outside the counting range (H'0000 to GRA3) 


Waveforms with a duty cycle of 0% or 100% can be output by setting a general register to 
a value outside the counting range. When a buffer register is set to a value outside the 
counting range, then later restored to a value within the counting range, the counting 
direction (up or down) must be the same both times. See figure 10-42. 














: | | : 0% duty cycle , | 100% duty cycle | | 
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BR ae Ss ae 
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Figure 10-42 Changing a General Register Setting by Buffer Transfer (Example 2) 


Settings can be made in this way by detecting GRA3 compare match or TCNT4 
underflow before writing to the buffer register. They can also be made by using GRA3 
compare match to activate the DMAC. 


370 








10.4.7 Phase Counting Mode 


In phase counting mode the phase difference between two external clock inputs (at the TCLKA 
and TCLKB pins) is detected, and TCNT2 counts up or down accordingly. 


In phase counting mode, the TCLKA and TCLKB pins automatically function as external clock 
input pins and TCNT2 becomes an up/down-counter, regardless of the settings of bits TPSC2 to 
TPSCO, CKEG1, and CKEGO in TCR2. Settings of bits CCLR1, CCLRO in TCR2, and settings in 
TIOR2, TIER2, TSR2, GRA2, and GRB2 are valid. The input capture and output compare 
functions can be used, and interrupts can be generated. 


Phase counting is available only in channel 2. 


Sample Setup Procedure for Phase Counting Mode: Figure 10-43 shows a sample procedure 
for setting up phase counting mode. 








C Phase counting mode +) 





Select phase counting mode 1 1. Set the MDF bit in TMDR to 1 to select 
phase counting mode. 

2. Select the flag setting condition with 
the FDIR bit in TMDR. 

3. Set the STR2 bit to 1 in TSTR to start 

Select flag setting condition 2 the timer counter. 























Start counter 3 








Phase counting mode 





Figure 10-43 Setup Procedure for Phase Counting Mode (Example) 


371 





Example of Phase Counting Mode: Figure 10-44 shows an example of operations in phase 
counting mode. Table 10-9 lists the up-counting and down-counting conditions for TCNT2. 


In phase counting mode both the rising and falling edges of TCLKA and TCLKB are counted. 
The phase difference between TCLKA and TCLKB must be at least 1.5 states, the phase overlap 
must also be at least 1.5 states, and the pulse width must be at least 2.5 states. See figure 10-45. 
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Figure 10-44 Operation in Phase Counting Mode (Example) 


Table 10-9 Up/Down Counting Conditions 



























































Counting Direction Up-Counting Down-Counting 
TCLKB 7 High aa Low High 1 Low 4 
TCLKA Low 7 High 1 1 Low 4 High 
Phase Phase 
difference difference Pulse width Pulse width 
TCLKA =. 
TCLKB 
Phase difference and overlap: atleast 1.5 states 
Pulse width: at least 2.5 states 
Overlap Overlap i . 











Figure 10-45 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode 
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10.4.8 Buffering 


Buffering operates differently depending on whether a general register is an output compare 
register or an input capture register, with further differences in reset-synchronized PWM mode 
and complementary PWM mode. Buffering is available only in channels 3 and 4. Buffering 
operations under the conditions mentioned above are described next. 


¢ General register used for output compare 


The buffer register value is transferred to the general register at compare match. See 
figure 10-46. 





Compare match signal 


BR GR Comparator TCNT 





















































Figure 10-46 Compare Match Buffering 
¢ General register used for input capture 


The TCNT value is transferred to the general register at input capture. The previous general 
register value is transferred to the buffer register. 
See figure 10-47. 
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Figure 10-47 Input Capture Buffering 
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¢ Complementary PWM mode 


The buffer register value is transferred to the general register when TCNT3 and TCNT4 
change counting direction. This occurs at the following two times: 


— When TCNT3 matches GRA3 
— When TCNT4 underflows 


¢ — Reset-synchronized PWM mode 
The buffer register value is transferred to the general register at compare match A3. 


Sample Buffering Setup Procedure: Figure 10-48 shows a sample buffering setup procedure. 








( Buffering ) 


Select general register functions 1 1. Set TIOR to select the output compare or input 
capture function of the general registers. 

2. Set bits BFA3, BFA4, BFB3, and BFB4 in TFCR 
to select buffering of the required general registers. 





























Set buffer bits 3. Set the STR bits to 1 in TSTR to start the timer 
counters. 
Start counters 3 
y 


Buffered operation 





Figure 10-48 Buffering Setup Procedure (Example) 
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Examples of Buffering: Figure 10-49 shows an example in which GRA is set to function as an 
output compare register buffered by BRA, TCNT is set to operate as a periodic counter cleared by 
GRB compare match, and TIOCA and TIOCB are set to toggle at compare match A and B. 
Because of the buffer setting, when TIOCA toggles at compare match A, the BRA value is 
simultaneously transferred to GRA. This operation is repeated each time compare match A occurs. 
Figure 10-50 shows the transfer timing. 
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Compare match A 











Figure 10-49 Register Buffering (Example 1: Buffering of Output Compare Register) 
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Figure 10-50 


Compare Match and Buffer Transfer Timing (Example) 
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Figure 10-51 shows an example in which GRA is set to function as an input capture register 
buffered by BRA, and TCNT is cleared by input capture B. The falling edge is selected as the 
input capture edge at TIOCB. Both edges are selected as input capture edges at TIOCA. Because 
of the buffer setting, when the TCNT value is captured into GRA at input capture A, the previous 
GRA value is simultaneously transferred to BRA. Figure 10-52 shows the transfer timing. 





TCNT value Counter cleared by 

A input capture B 
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' f ! f 


Input capture A 


GRA X H'0005 ax af 60 aN 























Figure 10-51 Register Buffering (Example 2: Buffering of Input Capture Register) 
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Figure 10-52 Input Capture and Buffer Transfer Timing (Example) 
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Figure 10-53 shows an example in which GRB3 is buffered by BRB3 in complementary PWM 
mode. Buffering is used to set GRB3 to a higher value than GRA3, generating a PWM waveform 
with 0% duty cycle. The BRB3 value is transferred to GRB3 when TCNT3 matches GRA3, and 
when TCNT4 underflows. 
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Figure 10-53 Register Buffering (Example 4: Buffering in Complementary PWM Mode) 
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10.4.9 ITU Output Timing 


The ITU outputs from channels 3 and 4 can be disabled by bit settings in TOER or by an external 
trigger, or inverted by bit settings in TOCR. 


Timing of Enabling and Disabling of ITU Output by TOER: In this example an ITU output is 
disabled by clearing a master enable bit to 0 in TOER. An arbitrary value can be output by 
appropriate settings of the data register (DR) and data direction register (DDR) of the 
corresponding input/output port. Figure 10-54 illustrates the timing of the enabling and disabling 
of ITU output by TOER. 





Ty Tp T3 


















































Address x TOER address Xx 
TOER ne 
ITU output pin Timer output x I/O port 


ITU output = Generic input/output 











Figure 10-54 Timing of Disabling of ITU Output by Writing to TOER (Example) 
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Timing of Disabling of ITU Output by External Trigger: If the XTGD bit is cleared to 0 in 
TOCR in reset-synchronized PWM mode or complementary PWM mode, when an input capture 
A signal occurs in channel 1, the master enable bits are cleared to 0 in TOER, disabling ITU 
output. Figure 10-55 shows the timing. 
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TOER N X HCO N X i H'CO 
vy T 
ITU output 44 
pins e ITU output x Ks I/O port ITU output ne I/O port 
ITU output —.< Generic ITU output a Generic 
input/output input/output 


N: Arbitrary setting (H'C1 to H'FF) 





Figure 10-55 Timing of Disabling of ITU Output by External Trigger (Example) 


Timing of Output Inversion by TOCR: The output levels in reset-synchronized PWM mode and 
complementary PWM mode can be inverted by inverting the output level select bits (OLS4 and 
OLS3) in TOCR. Figure 10-56 shows the timing. 
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Figure 10-56 Timing of Inverting of ITU Output Level by Writing to TOCR (Example) 
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10.5 Interrupts 


The ITU has two types of interrupts: input capture/compare match interrupts, and overflow 
interrupts. 


10.5.1 Setting of Status Flags 


Timing of Setting of IMFA and IMFB at Compare Match: IMFA and IMFB are set to 1 by a 
compare match signal generated when TCNT matches a general register (GR). The compare 
match signal is generated in the last state in which the values match (when TCNT is updated from 
the matching count to the next count). Therefore, when TCNT matches a general register, the 
compare match signal is not generated until the next timer clock input. Figure 10-57 shows the 
timing of the setting of IMFA and IMFB. 
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Figure 10-57 Timing of Setting of IMFA and IMFB by Compare Match 
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Timing of Setting of IMFA and IMFB by Input Capture: IMFA and IMFB are set to | by an 
input capture signal. The TCNT contents are simultaneously transferred to the corresponding 
general register. Figure 10-58 shows the timing. 






























































Input capture 
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IMF 

TCNT N 

GR ik N 
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Figure 10-58 Timing of Setting of IMFA and IMFB by Input Capture 


Timing of Setting of Overflow Flag (OVF): OVF is set to 1 when TCNT overflows from 
H'FFFF to H'0000 or underflows from H'0000 to H'FFFF. Figure 10-59 shows the timing. 
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Figure 10-59 Timing of Setting of OVF 
10.5.2 Clearing of Status Flags 


If the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the status flag is 
cleared. Figure 10-60 shows the timing. 
















































































TSR write cycle 
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Address x TSR address x 
IMF, OVF 











Figure 10-60 Timing of Clearing of Status Flags 
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10.5.3 Interrupt Sources and DMA Controller Activation 


Each ITU channel can generate a compare match/input capture A interrupt, a compare match/input 
capture B interrupt, and an overflow interrupt. In total there are 15 interrupt sources, all 
independently vectored. An interrupt is requested when the interrupt request flag and interrupt 
enable bit are both set to 1. 


The priority order of the channels can be modified in interrupt priority registers A and B IPRA 
and IPRB). For details see section 5, Interrupt Controller. 


Compare match/input capture A interrupts in channels 0 to 3 can activate the DMA controller 
(DMAC). When the DMAC is activated a CPU interrupt is not requested. 


Table 10-10 lists the interrupt sources. 


Table 10-10 ITU Interrupt Sources 

















Interrupt DMAC 
Channel Source Description Activatable Priority* 
0 IMIAO Compare match/input capture AO Yes High 
IMIBO Compare match/input capture BO No A 
OVIO Overflow 0 No 
1 IMIA1 Compare match/input capture A1 Yes 
IMIB1 Compare match/input capture B1 No 
OvI1 Overflow 1 No 
2 IMIA2 Compare match/input capture A2 Yes 
IMIB2 Compare match/input capture B2 No 
Ovi2 Overflow 2 No 
3 IMIA3 Compare match/input capture A3 Yes 
IMIB3 Compare match/input capture B3 No 
OVI3 Overflow 3 No 
4 IMIA4 Compare match/input capture A4 No 
IMIB4 Compare match/input capture B4 No 
OVI4 Overflow 4 No Low 


Note: *The priority immediately after a reset is indicated. Inter-channel priorities can be changed 
by settings in IPRA and IPRB. 
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10.6 Usage Notes 


This section describes contention and other matters requiring special attention during ITU 


operations. 


Contention between TCNT Write and Clear: If a counter clear signal occurs in the T3 state of a 
TCNT write cycle, clearing of the counter takes priority and the write is not performed. See 


figure 10-61. 





Address 


Internal write signal 


Counter clear signal 


TCNT 





TCNT write cycle 


| aie a 



































TCNT address K 














_—a 











N He H'0000 








Figure 10-61 Contention between TCNT Write and Clear 
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Contention between TCNT Word Write and Increment: If an increment pulse occurs in the T3 
state of a TCNT word write cycle, writing takes priority and TCNT is not incremented. See 
figure 10-62. 





TCNT word write cycle 






































Address x TCNT address x 
Internal write signal 
TCNT input clock 


TCNT N ik y M 

















TCNT write data 


Figure 10-62 Contention between TCNT Word Write and Increment 
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Contention between TCNT Byte Write and Increment: If an increment pulse occurs in the T, 
or T3 state of a TCNT byte write cycle, writing takes priority and TCNT is not incremented. The 
TCNT byte that was not written retains its previous value. See figure 10-63, which shows an 
increment pulse occurring in the T> state of a byte write to TCNTH. 





TCNTH byte write cycle 

































































Ty To T3 
~<a | at > ~< | | 
a) 
Address x TCNTH address x 
Internal write signal 
TCNT input clock 
TCNTH N x Aa M 
TCNT write data 





TCNTL X x X+1 x X 














Figure 10-63 Contention between TCNT Byte Write and Increment 
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Contention between General Register Write and Compare Match: If a compare match occurs 
in the T3 state of a general register write cycle, writing takes priority and the compare match 


signal is inhibited. See figure 10-64. 
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General register write cycle 
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: = Inhibited 








Figure 10-64 Contention between General Register Write and Compare Match 
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Contention between TCNT Write and Overflow or Underflow: If an overflow occurs in the T3 
state of a TCNT write cycle, writing takes priority and the counter is not incremented. OVF is 
set to 1.The same holds for underflow. See figure 10-65. 





TCNT write cycle 
Ty To T3 
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TCNT input clock 
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Figure 10-65 Contention between TCNT Write and Overflow 
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Contention between General Register Read and Input Capture: If an input capture signal 
occurs during the T3 state of a general register read cycle, the value before input capture is read. 
See figure 10-66. 





General register read cycle 






































Address K GR address K 











Internal read signal 


Input capture signal 


GR Xx i M 


Internal data bus —=———=- 

















Figure 10-66 Contention between General Register Read and Input Capture 
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Contention between Counter Clearing by Input Capture and Counter Increment: If an input 
capture signal and counter increment signal occur simultaneously, the counter is cleared according 
to the input capture signal. The counter is not incremented by the increment signal. The value 
before the counter is cleared is transferred to the general register. See figure 10-67. 



































Input capture signal 














Counter clear signal 




















TCNT input clock 
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on Yoon 




















Figure 10-67 Contention between Counter Clearing by Input Capture and 
Counter Increment 
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Contention between General Register Write and Input Capture: If an input capture signal 
occurs in the T3 state of a general register write cycle, input capture takes priority and the write to 
the general register is not performed. See figure 10-68. 








General register write cycle 






































Address x GR address ‘4 


Internal write signal 




















Input capture signal 








TCNT M 


GR x <u 














Figure 10-68 Contention between General Register Write and Input Capture 


Note on Waveform Period Setting: When a counter is cleared by compare match, the counter is 
cleared in the last state at which the TCNT value matches the general register value, at the time 
when this value would normally be updated to the next count. The actual counter frequency is 
therefore given by the following formula: 
fag. 0s 
(N + 1) 


(f: counter frequency. @: system clock frequency. N: value set in general register.) 
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Contention between Buffer Register Write and Input Capture: If a buffer register is used for 
input capture buffering and an input capture signal occurs in the T3 state of a write cycle, input 
capture takes priority and the write to the buffer register is not performed. 

See figure 10-69. 








Buffer register write cycle 
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Figure 10-69 Contention between Buffer Register Write and Input Capture 
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Note on Synchronous Preset: When channels are synchronized, if a TCNT value is modified by 
byte write access, all 16 bits of all synchronized counters assume the same value as the counter 
that was addressed. 


(Example) When channels 2 and 3 are synchronized 
¢ Byte write to channel 2 or byte write to channel 3 


Write A to upper byte 






































TonT2 | Ww =| OL CMAAENE TCNT2 A Xx 
| 
Tents [__Y z | TCNT3 A Xx 
Upper byte Lower byte Upper byte Lower byte 
Pe ocee Write A to lower byte ee is 
of channel 3 
re TCNT2 Y A 
TCNT3 Y A 














Upper byte Lower byte 


¢ Word write to channel 2 or word write to channel 3 






































TonT2 [| _w % -<| 7 TCNT2 A B 
TcNT3 | Z| Write AB word to TCNT3 A B 
channel 2 or 3 
Upper byte Lower byte Upper byte Lower byte 


Note on Setup of Reset-Synchronized PWM Mode and Complementary PWM Mode: When 
setting bits CMD1 and CMD0 in TFCR, take the following precautions: 


¢ Write to bits CMD1 and CMDO only when TCNT3 and TCNT4 are stopped. 


¢ Do not switch directly between reset-synchronized PWM mode and complementary PWM 
mode. First switch to normal mode (by clearing bit CMD1 to 0), then select reset- 
synchronized PWM mode or complementary PWM mode. 
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ITU Operating Modes 


Table 10-11 (a) ITU Operating Modes (Channel 0) 


Register Settings 

































































TSNC TMDR TFCR TOCR TOER TIORO TCRO 
Reset- 
Comple- Synchro- Output 
Synchro- mentary nized Buffer- Level Master Clear Clock 
Operating Mode nization MDF FDIR PWM PWM PWM ing XTGD Select Enable IOA 1OB Select Select 
Synchronous preset SYNCO=1 — _— ° ° ° ° ° 
PWM mode ° —= = PWMO = 1 o* ° ° 
Output compare A ° _ _— PWMO = 0 IOA2 = 0 ° ° ° 
Other bits 
unrestricted 
Output compare B ° _ _— ° ° IOB2 = 0 ° ° 
Other bits 
unrestricted 
Input capture A ° _ _ PWM0 = 0 IOA2 = 1 ° ° ° 
Other bits 
unrestricted 
Input capture B ° _ _ PWM0 = 0 ° IOB2 = 1 ° ° 
Other bits 
unrestricted 
Counter By compare o _— _— ° ° ° CCLR1=0 o 
clearing match/input CCLRO = 1 
capture A 
By compare o _ _ ° ° ° CCLR1=1 o 
match/input CCLRO = 0 
capture B 
Syn- SYNCO=1 — — ° ° ° CCLR1=1 o 
chronous CCLRO = 1 
clear 





Legend: o Setting available (valid). — Setting does not affect this mode. 
Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited. 
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Table 10-11 (b) ITU Operating Modes (Channel 1) 


Register Settings 

































































TSNC TMDR TFCR TOCR TOER TIOR1 TCR1 
Reset- 
Comple- Synchro- Output 
Synchro- mentary nized Buffer- Level Master Clear Clock 
Operating Mode nization MDF FDIR PWM PWM PWM ing XTGD Select Enable IOA 10B Select Select 
Synchronous preset SYNC1=1 — _— ° ° ° ° ° 
PWM mode ° — = PWM1 = 1 o*1 ° ° 
Output compare A ° _ _— PWM1 =0 IOA2 = 0 ° ° ° 
Other bits 
unrestricted 
Output compare B ° _— _ ° ° IOB2 = 0 ° ° 
Other bits 
unrestricted 
Input capture A ° _ _ PWM1 =0 0% _ _ IOA2 = 1 ° ° ° 
Other bits 
unrestricted 
Input capture B ° _ _ PWM1 =0 ° IOB2 = ° ° 
Other bits 
unrestricted 
Counter By compare o _ _— ° ° ° CCLR1=0 o 
clearing match/input CCLRO = 1 
capture A 
By compare o _ _ ° ° ° CCLR1=1 o 
match/input CCLRO = 0 
capture B 
Syn- SYNC1=1 — = ° ° ° CCLR1=1 o 
chronous CCLRO = 1 
clear 





Legend: o Setting available (valid). — Setting does not affect this mode. 
Notes: 1. The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited. 
2. Valid only when channels 3 and 4 are operating in complementary PWM mode or reset-synchronized PWM mode. 
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Table 10-11 (c) ITU Operating Modes (Channel 2) 


Register Settings 







































































TSNC TMDR TFCR TOCR TOER TIOR2 TCR2 
Reset- 
Comple- Synchro- Output 
Synchro- mentary nized Buffer- Level Master Clear Clock 
Operating Mode nization MDF FDIR PWM PWM PWM ing XTGD Select Enable IOA 1O0B Select Select 
Synchronous preset SYNC2=1 o _— ° ° ° ° ° 
PWM mode ° ° = PWM2 = 1 o* ° ° 
Output compare A ° ° _— PWM2 = 0 IOA2 = 0 ° ° ° 
Other bits 
unrestricted 
Output compare B ° ° — ° ° IOB2 = 0 ° ° 
Other bits 
unrestricted 
Input capture A ° _ _ PWM2 = 0 IOA2 = 1 ° ° ° 
Other bits 
unrestricted 
Input capture B ° _ _ PWM2 = 0 ° IOB2 = ° ° 
Other bits 
unrestricted 
Counter By compare o ° _— ° ° ° CCLR1=0 o 
clearing match/input CCLRO = 1 
capture A 
By compare o ° = ° ° ° CCLR1=1 o 
match/input CCLRO = 0 
capture B 
Syn- SYNC2 =1 o = ° ° ° CCLR1=1 o 
chronous CCLRO = 1 
clear 
Phase counting ° MDF =1 o ° ° ° ° _ 


mode 


Legend: o Setting available (valid). — Setting does not affect this mode. 
Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited. 
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Table 10-11 (d) ITU Operating Modes (Channel 3) 















































Register Settings 
TSNC TMDR TFCR TOCR TOER TIOR3 TCR3 
Comple- Reset- Output 
Synchro- mentary Synchro- Level Master Clear Clock 
Operating Mode nization MDF FDIR PWM PWM nized PWM Buffering XTGD Select Enable IOA |OB Select Select 
Synchronous preset SYNC3=1 — _ ° 0°83 ° ° _ _ ol ° ° ° ° 
PWM mode ° — ad PWM3=1 CMD1 =0 CMD1=0 o = = ° = o*2 ° ° 
Output compare A ° — — PWM3=0 CMD1 =0 CMD1=0 o — — ° IOA2 = 0 ° ° ° 
Other bits 
unrestricted 
Output compare B ° _ _ ° CMD1 =0 CMD1=0 o _ _ ° ° IOB2=0 o ° 
Other bits 
unrestricted 
Input capture A ° = — PWM3=0 CMD1=0 CMD1=0 o - = EAS ignored IOA2=1 0 ° ° 
Other bits Other bits 
unrestricted unrestricted 
Input capture B ° _ i PWM3=0 CMD1 =0 CMD1=0 o = —= EBS ignored o IOA2=1 o ° 
Other bits Other bits 
unrestricted unrestricted 
Counter Bycompare o _ — 0 Illegal setting: o*4 ° _ _ o*t ° ° CCLR1=0 o 
clearing match/input CMD1 = 1 CCLRO = 1 
capture A CMDO =0 
By compare o se a ° CMD1 =0 CMD1=0 o — om! o“l fo) ° CCLR1=1 o 
match/input CCLRO = 0 
capture B 
Syn- SYNC3=1 — = ° Illegal setting: o ° = = oO”! ° ° CCLR1=1 o 
chronous CMD1 = 1 CCLRO = 1 
clear CMDO = 0 
Complementary o%3 = a ae CMD1 = 1 CMD1=1 o o*6 ° ° _ = CCLR1=0 0*5 
PWM mode CMDO0=0 CMDO=0 CCLRO = 0 
Reset-synchronized ° _ _ _ CMD1 = 1 CMD1=1 o o*6 ° ° _ _ CCLR1=0 o 
PWM mode CMDO = 1 CMDO = 1 CCLRO = 1 
Buffering ° — —_ ° ° ° BFA3 = 1 = = o“t ° ° ° ° 
(BRA) Other bits 
unrestricted 
Buffering ° — = ° ° ° BFB3=7. — — o*t ° ° ° ° 
(BRB) Other bits 
unrestricted 
Legend: o Setting available (valid). — Setting does not affect this mode. 
Notes: 1. Master enable bit settings are valid only during waveform output. 


2. The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited. 


OnRW 


. Do not set both channels 3 and 4 for synchronous operation when complementary PWM mode is selected. 
. The counter cannot be cleared by input capture A when reset-synchronized PWM mode is selected. 
. In complementary PWM mode, select the same clock source for channels 3 and 4. 


Use the input capture A function in channel 1. 
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Table 10-11 (e) ITU Operating Modes (Channel 4) 















































Register Settings 
TSNC TMDR TFCR TOCR TOER TIOR4 TCR4 
Comple- Reset- Output 
Synchro- mentary Synchro- Level Master Clear Clock 
Operating Mode nization MDF FDIR PWM PWM nized PWM Buffering XTGD Select Enable IOA 1OB Select Select 
Synchronous preset SYNC4=1 — _ ° 0°38 ° ° _ _ ol ° ° ° ° 
PWM mode ° — _ PWM4=1 CMD1=0 CMD1=0 o = = ° = o*2 ° ° 
Output compare A ° — — PWM4=0 CMD1 =0 CMD1=0 o — — ° IOA2 = 0 ° ° ° 
Other bits 
unrestricted 
Output compare B ° _ _ ° CMD1 =0 CMD1=0 o _ _ ° ° IOB2=0 o ° 
Other bits 
unrestricted 
Input capture A ° = —  PWM4=0 CMD1=0 CMD1=0 o = = EA4 ignored IOA2=1 ° ° 
Other bits Other bits 
unrestricted _ unrestricted 
Input capture B ° — —  PWM4=0 CMD1=0 CMD1=0 o = — EB4 ignored o IOB2=1 o ° 
Other bits Other bits 
unrestricted unrestricted 
Counter By compare o _ — o Illegal setting: o*4 ° _ _ oO“ ° ° CCLR1=0 o 
clearing match/input CMD1 =1 CCLRO = 1 
capture A CMDO =0 
By compare o _ _ ° Illegal setting: o*4 ° _ _ ol ° ° CCLR1=1 o 
match/input CMD1 = 1 CCLRO = 0 
capture B CMDO = 0 
Syn- SYNC4=1 — = ° Illegal setting: o*4 ° = = oO”! ° ° CCLR1=1 o 
chronous CMD1 = 1 CCLRO = 1 
clear CMDO = 0 
Complementary o*3 = =S = CMD1 = 1 CMD1=1 o ° ° ° = = CCLR1=0 0%5 
PWM mode CMDO0=0 CMD0=0 CCLRO = 0 
Reset-synchronized ° _ _ _ CMD1 = 1 CMD1=1 o ° ° ° _ — o*6 0*6 
PWM mode CMDO = 1 CMDO = 1 
Buffering ° — —_ ° ° ° BFA4 = 1 = = ol ° ° ° ° 
(BRA) Other bits 
unrestricted 
Buffering ° — = ° ° ° BFB4=1 — — o“l ° ° ° ° 
(BRB) Other bits 
unrestricted 


Legend: o Setting available (valid). — Setting does not affect this mode. 
Notes: 1. Master enable bit settings are valid only during waveform output. 

2. The input capture function cannot be used in PWM mode. If compare match A and compare match B occur simultaneously, the compare match signal is inhibited. 
. Do not set both channels 3 and 4 for synchronous operation when complementary PWM mode is selected. 
. When reset-synchronized PWM mode is selected, TCNT4 operates independently and the counter clearing function is available. Waveform output is not affected. 
. In complementary PWM mode, select the same clock source for channels 3 and 4. 
. TCR4 settings are valid in reset-synchronized PWM mode, but TCNT4 operates independently, without affecting waveform output. 
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Section 11 Programmable Timing Pattern Controller 


11.1 Overview 


The H8/3042 Series has a built-in programmable timing pattern controller (TPC) that provides 
pulse outputs by using the 16-bit integrated timer unit (ITU) as a time base. The TPC pulse 
outputs are divided into 4-bit groups (group 3 to group 0) that can operate simultaneously and 
independently. 


11.1.1 Features 
TPC features are listed below. 
¢ 16-bit output data 
Maximum 16-bit data can be output. TPC output can be enabled on a bit-by-bit basis. 
¢ Four output groups 


Output trigger signals can be selected in 4-bit groups to provide up to four different 4-bit 
outputs. 


e Selectable output trigger signals 


Output trigger signals can be selected for each group from the compare-match signals of four 
ITU channels. 


¢ Non-overlap mode 
A non-overlap margin can be provided between pulse outputs. 
¢ Can operate together with the DMA controller (DMAC) 


The compare-match signals selected as trigger signals can activate the DMAC for sequential 
output of data without CPU intervention. 
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11.1.2 Block Diagram 


Figure 11-1 shows a block diagram of the TPC. 





TP45 —— 
TPi4 ~—| Pulse output 
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TPi2 <—_ 
TPi, 
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TP7 ——— 
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Figure 11-1 TPC Block Diagram 
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11.1.3 TPC Pins 


Table 11-1 summarizes the TPC output pins. 


Table 11-1 TPC Pins 


















































Name Symbol 0 Function 

TPC output 0 TPo Output Group 0 pulse output 
TPC output 1 TP, Output 

TPC output 2 TP» Output 

TPC output 3 TP3 Output 

TPC output 4 TP, Output Group 1 pulse output 
TPC output 5 TPs Output 

TPC output 6 TPs Output 

TPC output 7 TP? Output 

TPC output 8 TPg Output Group 2 pulse output 
TPC output 9 TP9 Output 

TPC output 10 TP4o Output 

TPC output 11 TP, Output 

TPC output 12 TPy. Output Group 3 pulse output 
TPC output 13 TP43 Output 

TPC output 14 = TPy4 Output 

TPC output 15 TP45 Output 
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11.1.4 Registers 
Table 11-2 summarizes the TPC registers. 


Table 11-2 TPC Registers 
































Address*! Name Abbreviation R/W Initial Value 
H'FFD1 Port A data direction register PADDR WwW H'00 
H'FFD3 Port A data register PADR R/(W)*2 H'00 
H'FFD4 Port B data direction register PBDDR WwW H'00 
H'FFD6 Port B data register PBDR R/(W)*2 H'00 
H'FFAO TPC output mode register TPMR R/W H'FO 
H'FFA1 TPC output control register TPCR R/W H'FF 
H'FFA2 Next data enable register B NDERB R/W H'00 
H'FFA3 Next data enable register A NDERA R/W H'00 
H'FFA5/ Next data register A NDRA R/W H'00 
H'FFA7*3 

H'FFA4 Next data register B NDRB R/W H'00 
H'FFA6*3 





Notes: 1. Lower 16 bits of the address. 

2. Bits used for TPC output cannot be written. 

3. The NDRA address is H'FFA5 when the same output trigger is selected for TPC output 
groups 0 and 1 by settings in TPCR. When the output triggers are different, the NDRA 
address is H'FFA7 for group 0 and H'FFAS for group 1. Similarly, the address of NDRB 
is H'FFA4 when the same output trigger is selected for TPC output groups 2 and 3 by 
settings in TPCR. When the output triggers are different, the NDRB address is H'FFA6 
for group 2 and H'FFA4 for group 3. 
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11.2 Register Descriptions 


11.2.1 Port A Data Direction Register (PADDR) 


PADDR is an 8-bit write-only register that selects input or output for each pin in port A. 
































Bit 7 6 5 4 3 2 1 0 
PA7DDR} PAgDDR| PA; DDR| PA,DDR|PA3DDR|PA2DDR| PA; DDR/PAgDDR 

Initial value 0 0 0 0 0 0 0 0 

Read/Write W W W WwW W WwW WwW W 








Port A data direction 7 to 0 
These bits select input or 
output for port A pins 


Port A is multiplexed with pins TP7 to TPp. Bits corresponding to pins used for TPC output must 
be set to 1. For further information about PADDR, see section 9.11, Port A. 


11.2.2 Port A Data Register (PADR) 


PADR is an 8-bit readable/writable register that stores TPC output data for groups 0 and 1, when 
these TPC output groups are used. 






































Bit 7 6 5 4 3 2 1 0 
PAZ PAs PAs PAg PA3 PAs PA, PAo 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/(Wyk = -R/(WYy*  R/(WY* OR/(WYy*® OR/(WYy® R/(WYy*R/(WY)* sO R/(WY* 
Port A data 7 to 0 


These bits store output data 
for TPC output groups O and 1 


Note: * Bits selected for TPC output by NDERA settings become read-only bits. 


For further information about PADR, see section 9.11, Port A. 
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11.2.3 Port B Data Direction Register (PBDDR) 


PBDDR is an 8-bit write-only register that selects input or output for each pin in port B. 
































Bit 7 6 5 4 3 2 1 0 
PB7DDR| PBgDDR| PB5DDR| PB4 DDR|/PB3DDR|PB2DDR|PB;DDR|PBj>DDR 

Initial value 0 0 0 0 0 0 0 0 

Read/Write WwW W W WwW W WwW WwW W 








Port B data direction 7 to 0 
These bits select input or 
output for port B pins 


Port B is multiplexed with pins TP;5 to TPg. Bits corresponding to pins used for TPC output must 
be set to 1. For further information about PBDDR, see section 9.12, Port B. 


11.2.4 Port B Data Register (PBDR) 


PBDR is an 8-bit readable/writable register that stores TPC output data for groups 2 and 3, when 
these TPC output groups are used. 
































Bit 7 6 5 4 3 2 1 0 
PB7 PBs PBs PB4 PB3 PBo PB, PBo 

Initial value 0 0 0 0 0 0 0 0 

Read/Write R/(Wyk  -R/(W)* -R/(WY* OR/(WYy*® OR/(WYy® OR/(WYy* R/(W)* R/(WY* 








Port B data 7 to0 
These bits store output data 
for TPC output groups 2 and 3 


Note: * Bits selected for TPC output by NDERB settings become read-only bits. 


For further information about PBDR, see section 9.12, Port B. 
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11.2.5 Next Data Register A (NDRA) 


NDRA is an 8-bit readable/writable register that stores the next output data for TPC output groups 
1 and 0 (pins TP7 to TPy). During TPC output, when an ITU compare match event specified in 
TPCR occurs, NDRA contents are transferred to the corresponding bits in PADR. The address of 
NDRA differs depending on whether TPC output groups 0 and 1 have the same output trigger or 
different output triggers. 


NDRA is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 


Same Trigger for TPC Output Groups 0 and 1: If TPC output groups 0 and | are triggered by 
the same compare match event, the NDRA address is H'FFAS. The upper 4 bits belong to group | 
and the lower 4 bits to group 0. Address H'FFA7 consists entirely of reserved bits that cannot be 
modified and always read 1. 





























Address H'FFA5 
Bit 7 6 5 4 3 2 1 0 
NDR7 NDR6 | NDR5 | NDR4 | NDR3 | NDR2 NDR1 NDRO 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 









































Next data 7 to 4 Next data 3 to 0 
These bits store the next output These bits store the next output 
data for TPC output group 1 data for TPC output group 0 
Address H'FFA7 
Bit 7 6 5 4 3 2 1 0 
Initial value 1 1 1 1 1 1 1 1 
Read/Write —_— — —_— — —_ —_— _— —_ 








Reserved bits 
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Different Triggers for TPC Output Groups 0 and 1: If TPC output groups 0 and | are triggered 
by different compare match events, the address of the upper 4 bits of NDRA (group 1) is H'FFA5 
and the address of the lower 4 bits (group 0) is H'FFA7. Bits 3 to 0 of address H'FFAS and bits 7 
to 4 of address H'FFA7 are reserved bits that cannot be modified and always read 1. 










































































Address H'FFA5 
Bit 7 6 5 4 3 2 1 0 
NDR7 NDR6 | NDR5 | NDR4 — —_— — — 
Initial value 0 0 0 0 1 1 1 1 
Read/Write R/W R/W R/W R/W — —_— — — 
Next data 7 to 4 Reserved bits 
These bits store the next output 
data for TPC output group 1 
Address H'FFA7 
Bit 7 6 5 4 3 2 1 0 
— — —_— — NDR3 | NDR2 NDR1 NDRO 
Initial value 1 1 1 1 0 0 0 0 
Read/Write — — —_— — R/W R/W R/W R/W 
Reserved bits Next data 3 to 0 


These bits store the next output 
data for TPC output group 0 
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11.2.6 Next Data Register B (NDRB) 


NDRB is an 8-bit readable/writable register that stores the next output data for TPC output groups 
3 and 2 (pins TP;5 to TPg). During TPC output, when an ITU compare match event specified in 
TPCR occurs, NDRB contents are transferred to the corresponding bits in PBDR. The address of 
NDRB differs depending on whether TPC output groups 2 and 3 have the same output trigger or 
different output triggers. 


NDRB is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 


Same Trigger for TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered by 
the same compare match event, the NDRB address is H'FFA4. The upper 4 bits belong to group 3 
and the lower 4 bits to group 2. Address H'FFA6 consists entirely of reserved bits that cannot be 
modified and always read 1. 





























Address H'FFA4 
Bit 7 6 5 4 3 2 1 0 
NDR15 | NDR14 |} NDR13 ) NDR12 | NDR11 | NDR10 | NDR9 | NDR8 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 









































Next data 15 to 12 Next data 11 to 8 
These bits store the next output These bits store the next output 
data for TPC output group 3 data for TPC output group 2 
Address H'FFA6 
Bit 7 6 5 4 3 2 1 0 
Initial value 1 1 1 1 1 1 1 1 
Read/Write —_ — _ — — — — _— 








Reserved bits 
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Different Triggers for TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered 
by different compare match events, the address of the upper 4 bits of NDRB (group 3) is H'FFA4 
and the address of the lower 4 bits (group 2) is H'FFA6. Bits 3 to 0 of address H'FFA4 and bits 7 
to 4 of address H'FFA6 are reserved bits that cannot be modified and always read 1. 










































































Address H'FFA4 
Bit 7 6 5 4 3 2 1 0 
NDR15 | NDR14 |} NDR13 | NDR12 — —_— — — 
Initial value 0 0 0 0 1 1 1 1 
Read/Write R/W R/W R/W R/W — —_— — — 
Next data 15 to 12 Reserved bits 
These bits store the next output 
data for TPC output group 3 
Address H'FFA6 
Bit 7 6 5 4 3 2 1 0 
— — — — NDR11 | NDR10 | NDR9 | NDR8 
Initial value 1 1 1 1 0 0 0 0 
Read/Write — — — —_— R/W R/W R/W R/W 
Reserved bits Next data 11 to 8 


These bits store the next output 
data for TPC output group 2 
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11.2.7 Next Data Enable Register A (NDERA) 


NDERA is an 8-bit readable/writable register that enables or disables TPC output groups 1 and 0 
(TP7 to TPg) on a bit-by-bit basis. 








Bit 7 6 5 4 3 2 1 
| NDER7 | NDER6_ NDER5 | NDER4 | NDER3 | NDER2 | NDER1 | NDERO | 
Initial value 0 0 0 0 0 0 0 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Next data enable 7 to 0 
These bits enable or disable 
TPC output groups 1 and 0 


If a bit is enabled for TPC output by NDERA, then when the ITU compare match event selected 
in the TPC output control register (TPCR) occurs, the NDRA value is automatically transferred to 
the corresponding PADR bit, updating the output value. If TPC output is disabled, the bit value is 
not transferred from NDRA to PADR and the output value does not change. 


NDERA is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 


Bits 7 to 0O—Next Data Enable 7 to 0 (NDER7 to NDERO): These bits enable or disable TPC 
output groups | and 0 (TP7 to TPo) on a bit-by-bit basis. 





Bits 7 to 0 

NDER7 to NDERO Description 

0 TPC outputs TP7 to TP, are disabled (Initial value) 
(NDR7 to NDRO are not transferred to PA7 to PAg) 

1 TPC outputs TP7 to TP, are enabled 


(NDR7 to NDRO are transferred to PA7 to PAo) 
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11.2.8 Next Data Enable Register B (NDERB) 


NDERB is an 8-bit readable/writable register that enables or disables TPC output groups 3 and 2 
(TP 15 to TPg) on a bit-by-bit basis. 








Bit 7 6 5 4 3 2 1 0 
NDER15 NDER14 NDER13| NDER12 NDER11 NDER10 NDERQ | NDER8 | 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Next data enable 15 to 8 
These bits enable or disable 
TPC output groups 3 and 2 


If a bit is enabled for TPC output by NDERB, then when the ITU compare match event selected in 
the TPC output control register (TPCR) occurs, the NDRB value is automatically transferred to 
the corresponding PBDR bit, updating the output value. If TPC output is disabled, the bit value is 
not transferred from NDRB to PBDR and the output value does not change. 


NDERB is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 


Bits 7 to 0O—Next Data Enable 15 to 8 (NDER1I5 to NDER8): These bits enable or disable TPC 
output groups 3 and 2 (TP 15 to TPg) on a bit-by-bit basis. 





Bits 7 to 0 

NDER15 to NDER8 Description 

0 TPC outputs TP;5 to TP, are disabled (Initial value) 
(NDR15 to NDR8 are not transferred to PB7 to PB) 

1 TPC outputs TP;5 to TPg are enabled 


(NDR15 to NDR8 are transferred to PB7 to PBg) 
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11.2.9 TPC Output Control Register (TPCR) 


TPCR is an 8-bit readable/writable register that selects output trigger signals for TPC outputs on a 
group-by-group basis. 
































Bit 7 6 5 4 3 2 1 0 
G38CMS1|G3CMS0| G2CMS1| G2CMS0)G1CMS1 |G1CMS0|}GOCMS1|GOCMSO 

Initial value 1 1 1 1 1 1 1 1 

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Group 3 compare 


match select 1 and 0 


These bits select 
the compare match 
event that triggers 
TPC output group 3 
(TPis5 to TPio) 


Group 2 compare 
match select 1 and 0 
These bits select 

the compare match 





event that triggers Group 1 compare 
TPC output group 2 Match select 1 and 0 
(TP, to TPg) These bits select 
the compare match 
event that triggers Group 0 compare 
TPC output group 1 match select 1 and 0 
(TP, to TP, ) These bits select 
the compare match 
event that triggers 
TPC output group 0 
(TP3 to TPo ) 





TPCR is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 
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Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CMS1, G3CMS0): These bits 
select the compare match event that triggers TPC output group 3 (TP)5 to TP)>). 











Bit 7 Bit 6 
G3CMS1 G3CMS0 Description 
0 0 TPC output group 3 (TPs to TPy>) is triggered by compare match in ITU 
channel 0 
1 TPC output group 3 (TP 15 to TP 4) is triggered by compare match in ITU 
channel 1 
1 0 TPC output group 3 (TP 5 to TPy>) is triggered by compare match in ITU 
channel 2 
1 TPC output group 3 (TP 15 to TP >) is triggered by (Initial value) 


compare match in ITU channel 3 


Bits 5 and 4—Group 2 Compare Match Select 1 and 0 (G2CMS1, G2CMS0): These bits 
select the compare match event that triggers TPC output group 2 (TP); to TPg). 











Bit 5 Bit 4 
G2CMS1 G2CMS0 Description 
0 0 TPC output group 2 (TP, to TPs) is triggered by compare match in ITU 
channel 0 
1 TPC output group 2 (TP, to TPg) is triggered by compare match in ITU 
channel 1 
1 0 TPC output group 2 (TP, to TPg) is triggered by compare match in ITU 
channel 2 
1 TPC output group 2 (TP, to TPs) is triggered by (Initial value) 


compare match in ITU channel 3 
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Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CMS1, G1CMS0): These bits 
select the compare match event that triggers TPC output group 1 (TP7 to TPy). 











Bit 3 Bit 2 
G1CMS1 G1CMS0 Description 
0 0 TPC output group 1 (TP7 to TP,) is triggered by compare match in ITU 
channel 0 
1 TPC output group 1 (TP7 to TP,) is triggered by compare match in ITU 
channel 1 
1 0 TPC output group 1 (TP7 to TP,) is triggered by compare match in ITU 
channel 2 
1 TPC output group 1 (TP7 to TP,) is triggered by (Initial value) 


compare match in ITU channel 3 


Bits 1 and 0—Group 0 Compare Match Select 1 and 0 (GOCMS1, GOCMS0): These bits 
select the compare match event that triggers TPC output group 0 (TP3 to TP9). 











Bit 1 Bit 0 
GOCMS1 GOCMS0O Description 
0 0 TPC output group 0 (TP3 to TPg) is triggered by compare match in ITU 
channel 0 
1 TPC output group 0 (TP3 to TPg) is triggered by compare match in ITU 
channel 1 
1 0 TPC output group 0 (TP3 to TPg) is triggered by compare match in ITU 
channel 2 
1 TPC output group 0 (TP3 to TPg) is triggered by (Initial value) 


compare match in ITU channel 3 
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11.2.10 TPC Output Mode Register (TPMR) 


TPMR is an 8-bit readable/writable register that selects normal or non-overlapping TPC output for 
each group. 








Bit 7 6 5 4 3 2 1 0 
aif — | — | GaNov GeNov | GiNov | GoNov_ 

Initial value 1 1 1 1 0 0 0 0 

Read/Write = = = — RW RW) RW RW 








Reserved bits 








Group 3 non-overlap 
Selects non-overlapping TPC 
output for group 3 (TP;s to TPy>) 








Group 2 non-overlap 
Selects non-overlapping TPC 
output for group 2 (TP,, to TPg) 








Group 1 non-overlap 
Selects non-overlapping TPC 
output for group 1 (TP, to TP, ) 








Group 0 non-overlap 
Selects non-overlapping TPC 
output for group 0 (TP; to TP,) 


The output trigger period of a non-overlapping TPC output waveform is set in general register B 
(GRB) in the ITU channel selected for output triggering. The non-overlap margin is set in general 
register A (GRA). The output values change at compare match A and B. For details see 

section 11.3.4, Non-Overlapping TPC Output. 


TPMR is initialized to H'FO by a reset and in hardware standby mode. It is not initialized in 
software standby mode. 


Bits 7 to 4—Reserved: Read-only bits, always read as 1. 
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Bit 3—Group 3 Non-Overlap (G3NOV): Selects normal or non-overlapping TPC output for 
group 3 (TP)5 to TPy2). 





Bit 3 

G3NOV Description 

0 Normal TPC output in group 3 (output values change at (Initial value) 
compare match A in the selected ITU channel) 

1 Non-overlapping TPC output in group 3 (independent 1 and 0 output at 


compare match A and B in the selected ITU channel) 


Bit 2—Group 2 Non-Overlap (G2NOV): Selects normal or non-overlapping TPC output for 
group 2 (TP), to TPg). 





Bit 2 

G2NOV Description 

0 Normal TPC output in group 2 (output values change at (Initial value) 
compare match A in the selected ITU channel) 

1 Non-overlapping TPC output in group 2 (independent 1 and 0 output at 


compare match A and B in the selected ITU channel) 


Bit 1—Group 1 Non-Overlap (GINOV): Selects normal or non-overlapping TPC output for 
group | (TP, to TPy). 





Bit 1 

G1NOV Description 

0 Normal TPC output in group 1 (output values change at (Initial value) 
compare match A in the selected ITU channel) 

1 Non-overlapping TPC output in group 1 (independent 1 and 0 output at 


compare match A and B in the selected ITU channel) 


Bit 0—Group 0 Non-Overlap (GONOV): Selects normal or non-overlapping TPC output for 
group 0 (TP3 to TP). 








Bit 0 

GONOV Description 

0 Normal TPC output in group 0 (output values change at (Initial value) 
compare match A in the selected ITU channel) 

1 Non-overlapping TPC output in group 0 (independent 1 and 0 output at 


compare match A and B in the selected ITU channel) 
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11.3 Operation 
11.3.1 Overview 


When corresponding bits in PADDR or PBDDR and NDERA or NDERB are set to 1, TPC output 
is enabled. The TPC output initially consists of the corresponding PADR or PBDR contents. 
When a compare-match event selected in TPCR occurs, the corresponding NDRA or NDRB bit 
contents are transferred to PADR or PBDR to update the output values. 


Figure 11-2 illustrates the TPC output operation. Table 11-3 summarizes the TPC operating 













































































conditions. 
DDR NDER 
Q Q 
Output trigger signal 
Cc 
Internal 
Q DR De Q NDR De data bus 
TPC output pin 
Figure 11-2 TPC Output Operation 
Table 11-3 TPC Operating Conditions 
NDER DDR Pin Function 
0 0 Generic input port 
1 Generic output port 
1 0 Generic input port (but the DR bit is a read-only bit, and when compare 


match occurs, the NDR bit value is transferred to the DR bit) 





1 TPC pulse output 





Sequential output of up to 16-bit patterns is possible by writing new output data to NDRA and 
NDRB before the next compare match. For information on non-overlapping operation, see 
section 11.3.4, Non-Overlapping TPC Output. 
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11.3.2 Output Timing 


If TPC output is enabled, NDRA/NDRB contents are transferred to PADR/PBDR and output when 
the selected compare match event occurs. Figure 11-3 shows the timing of these operations for the 
case of normal output in groups 2 and 3, triggered by compare match A. 















































TCNT N 





GRA 








Compare 
match A signal 





























NDRB 
PBDR m 
TP: to TP45 m 








Figure 11-3 Timing of Transfer of Next Data Register Contents and Output (Example) 
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11.3.3 Normal TPC Output 


Sample Setup Procedure for Normal TPC Output: Figure 11-4 shows a sample procedure for 
setting up normal TPC output. 





Normal TPC output 










































































( Select GR functions 1 1. Set TIOR to make GRA an output compare 
register (with output inhibited). 
Set GRA value 2 2. Set the TPC output trigger period. 
iTusetup< 3. Select the counter clock source with bits 
P TPSC2 to TPSCO in TCR. Select the counter 
Select counting operation 3 clear source with bits CCLR1 and CCLRO. 
4. Enable the IMFA interrupt in TIER. 
Le Select interrupt request 4 The DMAC can also be set up to transfer 
data to the next data register. 
E at 5. Set the initial output values in the DR bits 
Set initial output data 5 of the input/output port pins to be used for 
TPC output. 
Select port output 6 6. Set the DDR bits of the input/output port 
pins to be used for TPC output to 1. 
Port and } Enable TPC output 7 7. Set the NDER bits of the pins to be used for 
TPC setup TPC output to 1. 
; 8. Select the ITU compare match event to be 
Select TPC output trigger 8 used as the TPC output trigger in TPCR. 
. Set the next TPC output values in the NDR bits. 
Set next TPC output data 9 10. Set the STR bit to 1 in TSTR to start the 
= timer counter. 
11. At each IMFA interrupt, set the next output 
ITU setup Start counter 10 values in the NDR bits. 
~~! 
No 
Compare match? 
Yes 
Set next TPC output data 11 


























Figure 11-4 Setup Procedure for Normal TPC Output (Example) 
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Example of Normal TPC Output (Example of Five-Phase Pulse Output): Figure 11-5 shows 
an example in which the TPC is used for cyclic five-phase pulse output. 















TCNT value Compare match 
TCNT eee 
GRA OS TE i pe INR sede cinks a alt Senin, is cage, Tat colt atten ei ettlad ot ih Bicded ok ce Me SR istag tie ea fect Sched nai, Bhai a OSES paaalei ok ate aa fe te ea. 
H'0000 > Time 
NDRB 80! X CO X 40 X 60 X 20 X 30 X 10 X 18 X 08 X 88 X 80 X CO X 40 








PBDR 00  80X CO.X 40 X 60 X 20K 30'X 10K 18'X 08 88 


80 





aN 





TPi5 


















































TPy4 








TPi2 


* The ITU channel to be used as the output trigger channel is set up so that GRA is an output compare 
register and the counter will be cleared by compare match A. The trigger period is set in GRA. 
The IMIEA bit is set to 1 in TIER to enable the compare match A interrupt. 

¢ H'F8 is written in PBDDR and NDERB, and bits G3CMS1, G3CMSO, G2CMS1, and G2CMS0 are set in 
TPCR to select compare match in the ITU channel set up in step 1 as the output trigger. 

Output data H'80 is written in NDRB. 

* The timer counter in this ITU channel is started. When compare match A occurs, the NDRB contents 
are transferred to PBDR and output. The compare match/input capture A (IMFA) interrupt service routine 
writes the next output data (H'CO) in NDRB. 

* Five-phase overlapping pulse output (one or two phases active at a time) can be obtained by writing 
H'40, H'60, H'20, H'30, H'10, H'18, H'08, H'88... at successive IMFA interrupts. If the DMAC is set for 
activation by this interrupt, pulse output can be obtained without loading the CPU. 








Figure 11-5 Normal TPC Output Example (Five-Phase Pulse Output) 
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11.3.4 Non-Overlapping TPC Output 


Sample Setup Procedure for Non-Overlapping TPC Output: Figure 11-6 shows a sample 


procedure for setting up non-overlapping TPC output. 





Non-overlapping 
TPC output 
















































































(- Select GR functions 1 
Set GR values 2 
ITU setup < 
Select counting operation 3 
ie Select interrupt requests 4 
C Set initial output data 5 
Set up TPC output 6 
Enable TPC transfer 7 
Port and d 
TPC setup Select TPC transfer trigger 8 
Select non-overlapping groups 9 
ke Set next TPC output data 10 
ITU setup Start counter 11 
= 
No 






Compare match A? 





Yes 





Set next TPC output data 
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10. 


11. 


12. 


. Set TIOR to make GRA and GRB output 


compare registers (with output inhibited). 

Set the TPC output trigger period in GRB 
and the non-overlap margin in GRA. 

Select the counter clock source with bits 
TPSC2 to TPSCO in TCR. Select the counter 
clear source with bits CCLR1 and CCLRO. 
Enable the IMFA interrupt in TIER. 

The DMAC can also be set up to transfer 
data to the next data register. 

Set the initial output values in the DR bits 

of the input/output port pins to be used for 
TPC output. 

Set the DDR bits of the input/output port pins 
to be used for TPC output to 1. 

Set the NDER bits of the pins to be used for 
TPC output to 1. 

In TPCR, select the ITU compare match 
event to be used as the TPC output trigger. 
In TPMR, select the groups that will operate 
in non-overlap mode. 

Set the next TPC output values in the NDR 
bits. 

Set the STR bit to 1 in TSTR to start the timer 
counter. 

At each IMFA interrupt, write the next output 
value in the NDR bits. 





Figure 11-6 Setup Procedure for Non-Overlapping TPC Output (Example) 
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Example of Non-Overlapping TPC Output (Example of Four-Phase Complementary Non- 
Overlapping Output): Figure 11-7 shows an example of the use of TPC output for four-phase 
complementary non-overlapping pulse output. 
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¢ The ITU channel to be used as the output trigger channel is set up so that GRA and GRB are output 
compare registers and the counter will be cleared by compare match B. The TPC output trigger 
period is set in GRB. The non-overlap margin is set in GRA. The IMIEA bit is set to 1 in TIER to enable 
IMFA interrupts. 

¢ H'FF is written in PBDDR and NDERB, and bits G3CMS1, G3CMSO, G2CMS1, and G2CMS0 are set 
Bits G3NOV and G2NOV are set to 1 in TPMR to select non-overlapping output. Output data H'95 is 
written in NDRB. 

« The timer counter in this ITU channel is started. When compare match B occurs, outputs change from 
1 to 0. When compare match A occurs, outputs change from 0 to 1 (the change from 0 to 1 is delayed 
by the value of GRA). The IMFA interrupt service routine writes the next output data (H'65) in NDRB. 

* Four-phase complementary non-overlapping pulse output can be obtained by writing H'59, H'56, H'95... 
at successive IMFA interrupts. If the DMAC is set for activation by this interrupt, pulse output can be 
obtained without loading the CPU. 








Figure 11-7 Non-Overlapping TPC Output Example (Four-Phase Complementary 
Non-Overlapping Pulse Output) 
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11.3.5 TPC Output Triggering by Input Capture 


TPC output can be triggered by ITU input capture as well as by compare match. If GRA functions 
as an input capture register in the ITU channel selected in TPCR, TPC output will be triggered by 
the input capture signal. Figure 11-8 shows the timing. 
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Figure 11-8 TPC Output Triggering by Input Capture (Example) 
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11.4 Usage Notes 
11.4.1 Operation of TPC Output Pins 


TP, to TP)5 are multiplexed with ITU, DMAC, address bus, and other pin functions. When ITU, 
DMAC, or address output is enabled, the corresponding pins cannot be used for TPC output. The 
data transfer from NDR bits to DR bits takes place, however, regardless of the usage of the pin. 


Pin functions should be changed only under conditions in which the output trigger event will not 
occur. 


11.4.2 Note on Non-Overlapping Output 


During non-overlapping operation, the transfer of NDR bit values to DR bits takes place as 
follows. 


1. NDR bits are always transferred to DR bits at compare match A. 


2. At compare match B, NDR bits are transferred only if their value is 0. Bits are not transferred 
if their value is 1. 


Figure 11-9 illustrates the non-overlapping TPC output operation. 
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Figure 11-9 Non-Overlapping TPC Output 
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Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before 
compare match A. NDR contents should not be altered during the interval from compare match B 
to compare match A (the non-overlap margin). 


This can be accomplished by having the IMFA interrupt service routine write the next data in 
NDR, or by having the IMFA interrupt activate the DMAC. The next data must be written before 
the next compare match B occurs. 


Figure 11-10 shows the timing relationships. 
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Figure 11-10 Non-Overlapping Operation and NDR Write Timing 
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Section 12 Watchdog Timer 


12.1 Overview 


The H8/3042 Series has an on-chip watchdog timer (WDT). The WDT has two selectable 
functions: it can operate as a watchdog timer to supervise system operation, or it can operate as an 
interval timer. As a watchdog timer, it generates a reset signal for the chip if a system crash allows 
the timer counter (TCNT) to overflow before being rewritten. In interval timer operation, an 
interval timer interrupt is requested at each TCNT overflow. 


12.1.1 Features 
WDT features are listed below. 
¢ Selection of eight counter clock sources 
6/2, 6/32, 6/64, 6/128, 6/256, g/512, @/2048, or 6/4096 
e Interval timer option 
¢ Timer counter overflow generates a reset signal or interrupt. 


The reset signal is generated in watchdog timer operation. An interval timer interrupt is 
generated in interval timer operation. 


e¢ Watchdog timer reset signal resets the entire chip internally, and can also be output externally. 


The reset signal generated by timer counter overflow during watchdog timer operation resets 
the entire chip internally. An external reset signal can be output from the RESO pin to reset 
other system devices simultaneously. 
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12.1.2 Block Diagram 


Figure 12-1 shows a block diagram of the WDT. 
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Figure 12-1 WDT Block Diagram 
12.1.3 Pin Configuration 
Table 12-1 describes the WDT output pin. 


Table 12-1 WDT Pin 


Name Abbreviation I/O Function 





Reset output RESO Output* External output of the watchdog timer reset signal 


Note: * Open-drain output. This pin should be pulled up externally to Vcc regardless of whether 
reset output is used or not. 
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12.1.4 Register Configuration 
Table 12-2 summarizes the WDT registers. 


Table 12-2 WDT Registers 








Address*! 
Write*2 Read Name Abbreviation R/W Initial Value 
H'FFA8 H'FFA8_ Timer control/status register TCSR R/(W)*3 H'18 
H'FFA9 Timer counter TCNT R/W H'00 
H'FFAA H'FFAB_ Reset control/status register RSTCSR R/(W)*3 H'3F 


Notes: 1. Lower 16 bits of the address. 
2. Write word data starting at this address. 
3. Only 0 can be written in bit 7, to clear the flag. 
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12.2 Register Descriptions 
12.2.1 Timer Counter (TCNT) 


TCNT is an 8-bit readable and writable* up-counter. 


Bit 7 6 5 4 3 2 1 0 



































Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 


When the TME bit is set to 1 in TCSR, TCNT starts counting pulses generated from an internal 
clock source selected by bits CKS2 to CKSO in TCSR. When the count overflows (changes from 
H'FF to H'00), the OVF bit is set to 1 in TCSR. TCNT is initialized to H'00 by a reset and when 
the TME bit is cleared to 0. 


Note: * TCNT is write-protected by a password. For details see section 12.2.4, Notes on Register 
Access. 
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12.2.2 Timer Control/Status Register (TCSR) 


TCSR is an 8-bit readable and writable*! register. Its functions include selecting the timer mode 
and clock source. 











Bit 7 6 5 4 3 2 1 0 
ove | wit | te | — | — | cks2 | cKs1 | cKso | 
Initial value 0 0 0 1 1 0 0 0 
Read/Write R/(w)"2 R/W R/W —_— — R/W R/W R/W 
| 
Clock select 


These bits select the 
TCNT clock source 


Reserved bits 





Timer enable 
Selects whether TCNT runs or halts 





Timer mode select 
Selects the mode 





Overflow flag 
Status flag indicating overflow 


Bits 7 to 5 are initialized to 0 by a reset and in standby mode. Bits 2 to 0 are initialized to 0 by a 
reset. In software standby mode bits 2 to 0 are not initialized, but retain their previous values. 


Notes: 1. TCSR is write-protected by a password. For details see section 12.2.4, Notes on 
Register Access. 
2. Only 0 can be written, to clear the flag. 
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Bit 7—Overflow Flag (OVE): This status flag indicates that the timer counter has overflowed 
from H'FF to H'00. 





Bit 7 
OVF Description 
0 [Clearing condition] 
Cleared by reading OVF when OVF = 1, then writing 0 in OVF (Initial value) 
1 [Setting condition] 


Set when TCNT changes from H'FF to H'00 


Bit 6-—Timer Mode Select (WT/IT): Selects whether to use the WDT as a watchdog timer or 
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request 
when TCNT overflows. If used as a watchdog timer, the WDT generates a reset signal when 
TCNT overflows. 








Bit 6 

WT/IT Description 

0 Interval timer: requests interval timer interrupts (Initial value) 
1 Watchdog timer: generates a reset signal 





Bit 5—Timer Enable (TME): Selects whether TCNT runs or is halted. 








Bit 5 

TME Description 

0 TCNT is initialized to H'00 and halted (Initial value) 
1 TCNT is counting 


Bits 4 and 3—Reserved: Read-only bits, always read as 1. 
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Bits 2 to 0O—Clock Select 2 to 0 (CKS2/1/0): These bits select one of eight internal clock 
sources, obtained by prescaling the system clock (@), for input to TCNT. 


Bit 2 Bit 1 Bit 0 
CKS2 CKS1 CKSO __— Description 


0 0 0 g/2 (Initial value) 























1 @/32 
1 0 2/64 
9/128 
1 0 0 @/256 
1 @/512 
1 0 2/2048 
1 2/4096 


12.2.3 Reset Control/Status Register (RSTCSR) 


RSTCSR is an 8-bit readable and writable*! register that indicates when a reset signal has been 
generated by watchdog timer overflow, and controls external output of the reset signal. 
































Bit 7 6 5 4 3 2 1 0 
WRST | RSTOE —_— — —_— — — —_— 
Initial value 0 0 1 1 1 1 1 1 


Read/Write R/(W)2 RW = — = = == = 








Reserved bits 


Reset output enable 
Enables or disables external output of the reset signal 





Watchdog timer reset 
Indicates that a reset signal has been generated 


Bits 7 and 6 are initialized by input of a reset signal at the RES pin. They are not initialized by 
reset signals generated by watchdog timer overflow. 


Notes: 1. RSTCSR is write-protected by a password. For details see section 12.2.4, Notes on 
Register Access. 
2. Only 0 can be written in bit 7, to clear the flag. 
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Bit 7—Watchdog Timer Reset (WRST): During watchdog timer operation, this bit indicates that 
TCNT has overflowed and generated a reset signal. This reset signal resets the entire chip 
internally. If bit RSTOE is set to 1, this reset signal is also output (low) at the RESO pin to 
initialize external system devices. 





Bit 7 
WRST Description 
0 [Clearing condition] 
Cleared to 0 by reset signal input at RES pin, or by writing 0 (Initial value) 
1 [Setting condition] 


Set when TCNT overflow generates a reset signal during watchdog timer operation 


Bit 6—Reset Output Enable (RSTOE): Enables or disables external output at the RESO pin of 
the reset signal generated if TCNT overflows during watchdog timer operation. 








Bit 6 

RSTOE Description 

0 Reset signal is not output externally (Initial value) 
1 Reset signal is output externally 





Bits 5 to 0O—Reserved: Read-only bits, always read as 1. 
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12.2.4 Notes on Register Access 


The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registers in being 
more difficult to write. The procedures for writing and reading these registers are given below. 


Writing to TCNT and TCSR: These registers must be written by a word transfer instruction. 
They cannot be written by byte instructions. Figure 12-2 shows the format of data written to 
TCNT and TCSR. TCNT and TCSR both have the same write address. The write data must be 
contained in the lower byte of the written word. The upper byte must contain H'5SA (password for 
TCNT) or H'AS (password for TCSR). This transfers the write data from the lower byte to TCNT 
or TCSR. 























TCNT write 15 8 7 0 
Address H'FFA8* H'5A Write data 

TCSR write 15 8 7 0 
Address H'FFA8 * H'A5 Write data 














Note: * Lower 16 bits of the address. 








Figure 12-2 Format of Data Written to TCNT and TCSR 
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Writing to RSTCSR: RSTCSR must be written by a word transfer instruction. It cannot be 
written by byte transfer instructions. Figure 12-3 shows the format of data written to RSTCSR. To 
write 0 in the WRST bit, the write data must have H'AS in the upper byte and H’'00 in the lower 
byte. The H'00 in the lower byte clears the WRST bit in RSTCSR to 0. To write to the RSTOE bit, 
the upper byte must contain H'SA and the lower byte must contain the write data. Writing this 
word transfers a write data value into the RSTOE bit. 




















Writing 0 in WRST bit 15 8 7 0 
Address — H'FFAA* H'AS H'00 | 
Writing to RSTOE bit 15 8 7 0 
Address H'FFAA* H'5A Write data | 











Note: * Lower 16 bits of the address. 








Figure 12-3 Format of Data Written to RSTCSR 


Reading TCNT, TCSR, and RSTCSR: These registers are read like other registers. Byte access 
instructions can be used. The read addresses are H'FFA8 for TCSR, H'FFA9 for TCNT, and 
H'FFAB for RSTCSR, as listed in table 12-3. 


Table 12-3 Read Addresses of TCNT, TCSR, and RSTCSR 








Address* Register 
H'FFA8 TCSR 
H'FFAQ TCNT 
H'FFAB RSTCSR 


Note: * Lower 16 bits of the address. 
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12.3 Operation 


Operations when the WDT is used as a watchdog timer and as an interval timer are described 
below. 


12.3.1 Watchdog Timer Operation 


Figure 12-4 illustrates watchdog timer operation. To use the WDT as a watchdog timer, set the 
WTIIT and TME bits to 1 in TCSR. Software must prevent TCNT overflow by rewriting the 
TCNT value (normally by writing H'00) before overflow occurs. If TCNT fails to be rewritten and 
overflows due to a system crash etc., the chip is internally reset for a duration of 518 states. 


The watchdog reset signal can be externally output from the RESO pin to reset external system 
devices. The reset signal is output externally for 132 states. External output can be enabled or 
disabled by the RSTOE bit in RSTCSR. 


A watchdog reset has the same vector as a reset generated by input at the RES pin. Software can 
distinguish a RES reset from a watchdog reset by checking the WRST bit in RSTCSR. 


If a RES reset and a watchdog reset occur simultaneously, the RES reset takes priority. 
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Figure 12-4 Watchdog Timer Operation 
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12.3.2 Interval Timer Operation 


Figure 12-5 illustrates interval timer operation. To use the WDT as an interval timer, clear bit 
WTIIT to 0 and set bit TME to | in TCSR. An interval timer interrupt request is generated at each 
TCNT overflow. This function can be used to generate interval timer interrupts at regular 


intervals. 









TCNT 
count value 


H'00 

















Y Y y y y 
WT/IT=0 Interval Interval Interval Interval 
TME = 1 timer timer timer timer 
interrupt interrupt interrupt interrupt 








Figure 12-5 Interval Timer Operation 
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12.3.3 Timing of Setting of Overflow Flag (OVF) 


Figure 12-6 shows the timing of setting of the OVF flag in TCSR. The OVF flag is set to 1 when 
TCNT overflows. At the same time, a reset signal is generated in watchdog timer operation, or an 
interval timer interrupt is generated in interval timer operation. 
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Figure 12-6 Timing of Setting of OVF 
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12.3.4 Timing of Setting of Watchdog Timer Reset Bit (WRST) 


The WRST bit in RSTCSR is valid when bits WT/IT and TME are both set to 1 in TCSR. 

Figure 12-7 shows the timing of setting of WRST and the internal reset timing. The WRST bit is 
set to 1 when TCNT overflows and OVF is set to 1. At the same time an internal reset signal is 
generated for the entire chip. This internal reset signal clears OVF to 0, but the WRST bit remains 
set to 1. The reset routine must therefore clear the WRST bit. 
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Figure 12-7 Timing of Setting of WRST Bit and Internal Reset 
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12.4 Interrupts 


During interval timer operation, an overflow generates an interval timer interrupt (WOVI). The 
interval timer interrupt is requested whenever the OVF bit is set to 1 in TCSR. 


12.5 Usage Notes 


Contention between TCNT Write and Increment: If a timer counter clock pulse is generated 
during the T3 state of a write cycle to TCNT, the write takes priority and the timer count is not 
incremented. See figure 12-8. 





Write cycle: CPU writes to TCNT 
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Figure 12-8 Contention between TCNT Write and Increment 


Changing CKS2 to CKS0 Values: Halt TCNT by clearing the TME bit to 0 in TCSR before 
changing the values of bits CKS2 to CKSO. 


441 


Section 13 Serial Communication Interface 


13.1 Overview 


The H8/3042 Series has a serial communication interface (SCI) with two independent channels. 
Both channels are functionally identical. The SCI can communicate in asynchronous mode or 
synchronous mode, and has a multiprocessor communication function for serial communication 
among two or more processors. 


13.1.1 Features 

SCI features are listed below. 

¢ — Selection of asynchronous or synchronous mode for serial communication 
a. Asynchronous mode 


Serial data communication is synchronized one character at a time. The SCI can communicate 
with a universal asynchronous receiver/transmitter (UART), asynchronous communication 
interface adapter (ACIA), or other chip that employs standard asynchronous serial 
communication. It can also communicate with two or more other processors using the 
multiprocessor communication function. There are twelve selectable serial data 
communication formats. 


— Data length: 7 or 8 bits 

— Stop bit length: 1 or 2 bits 

— Parity bit: even, odd, or none 

— Multiprocessor bit: 1 or O 

— Receive error detection: parity, overrun, and framing errors 

— Break detection: by reading the RxD level directly when a framing error occurs 


b. Synchronous mode 


Serial data communication is synchronized with a clock signal. The SCI can communicate 
with other chips having a synchronous communication function. There is one serial data 
communication format. 


— Data length: 8 bits 
— Receive error detection: overrun errors 
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Full duplex communication 


The transmitting and receiving sections are independent, so the SCI can transmit and receive 
simultaneously. The transmitting and receiving sections are both double-buffered, so serial 
data can be transmitted and received continuously. 


Built-in baud rate generator with selectable bit rates 


Selectable transmit/receive clock sources: internal clock from baud rate generator, or external 
clock from the SCK pin. 


Four types of interrupts 


Transmit-data-empty, transmit-end, receive-data-full, and receive-error interrupts are 
requested independently. The transmit-data-empty and receive-data-full interrupts can 
activate the DMA controller (DMAC) to transfer data. 
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13.1.2 Block Diagram 


Figure 13-1 shows a block diagram of the SCI. 
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RSR: Receive shift register 
RDR: Receive data register 


TSR: Transmit shift register 


TDR: Transmit data register 


SMR: Serial mode register 

SCR: Serial control register 
SSR: Serial status register 
BRR: Bit rate register 





Figure 13-1 SCI Block Diagram 


445 





13.1.3 Input/Output Pins 
The SCI has serial pins for each channel as listed in table 13-1. 


Table 13-1 SCI Pins 




















Channel Name Abbreviation VO Function 

0 Serial clock pin SCKo Input/output SClg clock input/output 
Receive data pin RxDo Input SClp receive data input 
Transmit data pin TxDo Output SCl, transmit data output 

1 Serial clock pin SCK, Input/output SCI, clock input/output 
Receive data pin RxD, Input SCI, receive data input 
Transmit data pin TxD, Output SCI, transmit data output 





13.1.4 Register Configuration 


The SCI has internal registers as listed in table 13-2. These registers select asynchronous or 
synchronous mode, specify the data format and bit rate, and control the transmitter and receiver 
sections. 


Table 13-2 Registers 






































Channel Address*! Name Abbreviation R/W Initial Value 

0 H'FFBO Serial mode register SMR R/W H'00 
H'FFB1 Bit rate register BRR R/W H'FF 
H'FFB2 Serial control register SCR R/W H'00 
H'FFB3 Transmit data register TDR R/W H'FF 
H'FFB4 Serial status register SSR R/(W)*2—-H'84 
H'FFB5 Receive data register RDR R H'00 

1 H'FFB8 Serial mode register SMR R/W H'00 
H'FFB9 Bit rate register BRR R/W H'FF 
H'FFBA Serial control register SCR R/W H'00 
H'FFBB Transmit data register TDR R/W H'FF 
H'FFBC Serial status register SSR R/(W)*2 —-H'84 
H'FFBD Receive data register RDR R H'00 





Notes: 1. Lower 16 bits of the address. 
2. Only 0 can be written, to clear flags. 
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13.2 Register Descriptions 
13.2.1 Receive Shift Register (RSR) 


RSR is the register that receives serial data. 


Bit 7 6 5 4 3 2 i 0 



































Initial value 
Read/Write — — — — = = = _ 


The SCI loads serial data input at the RxD pin into RSR in the order received, LSB (bit 0) first, 
thereby converting the data to parallel data. When 1 byte has been received, it is automatically 
transferred to RDR. The CPU cannot read or write RSR directly. 


13.2.2 Receive Data Register (RDR) 


RDR is the register that stores received serial data. 



































Bit 7 6 5 4 3 2 1 0 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R 


When the SCI finishes receiving 1 byte of serial data, it transfers the received data from RSR into 
RDR for storage. RSR is then ready to receive the next data. This double buffering allows data to 
be received continuously. 


RDR is a read-only register. Its contents cannot be modified by the CPU. RDR is initialized to 
H'00 by a reset and in standby mode. 


447 


13.2.3 Transmit Shift Register (TSR) 


TSR is the register that transmits serial data. 


Bit 7 6 5 4 3 2 1 0 
































Initial value 
Read/Write — — _— — a = aay = 


The SCI loads transmit data from TDR into TSR, then transmits the data serially from the TxD 
pin, LSB (bit 0) first. After transmitting one data byte, the SCI automatically loads the next 
transmit data from TDR into TSR and starts transmitting it. If the TDRE flag is set to 1 in SSR, 
however, the SCI does not load the TDR contents into TSR. The CPU cannot read or write TSR 
directly. 


13.2.4 Transmit Data Register (TDR) 


TDR is an 8-bit register that stores data for serial transmission. 








Bit 7 6 5 4 3 2 1 0 
Initial value 1 1 1 1 1 1 1 1 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 


When the SCI detects that TSR is empty, it moves transmit data written in TDR from TDR into 
TSR and starts serial transmission. Continuous serial transmission is possible by writing the next 
transmit data in TDR during serial transmission from TSR. 


The CPU can always read and write TDR. TDR is initialized to H'FF by a reset and in standby 
mode. 


448 





13.2.5 Serial Mode Register (SMR) 


SMR is an 8-bit register that specifies the SCI serial communication format and selects the clock 


source for the baud rate generator. 








Bit 7 6 5 4 3 2 1 0 

C/A | CHR | PE | Of | STOP | MP | CKS1 | CKSO 
Initial value 0 0 0 0 0 0 0 0 
Read/Write RW RW RW RW RW RW RW RW 








Clock select 1/0 
These bits select the 
baud rate generator’s 
clock source 


Multiprocessor mode 
Selects the multiprocessor 
function 





Stop bit length 
Selects the stop bit length 





Parity mode 
Selects even or odd parity 





Parity enable 
Selects whether a parity bit is added 





Character length 
Selects character length in asynchronous mode 





Communication mode 
Selects asynchronous or synchronous mode 


The CPU can always read and write SMR. SMR is initialized to H'00 by a reset and in standby 


mode. 


449 


Bit 7—Communication Mode (C/A): Selects whether the SCI operates in asynchronous or 
synchronous mode. 





Bit 7 

C/A Description 

0 Asynchronous mode (Initial value) 
1 Synchronous mode 


Bit 6—Character Length (CHR): Selects 7-bit or 8-bit data length in asynchronous mode. In 
synchronous mode the data length is 8 bits regardless of the CHR setting. 








Bit 6 

CHR Description 

0 8-bit data (Initial value) 
1 7-bit data* 





Note: * When 7-bit data is selected, the MSB (bit 7) in TDR is not transmitted. 


Bit 5—Parity Enable (PE): In asynchronous mode, this bit enables or disables the addition of a 
parity bit to transmit data, and the checking of the parity bit in receive data. In synchronous mode 
the parity bit is neither added nor checked, regardless of the PE setting. 








Bit 5 

PE Description 

0 Parity bit not added or checked (Initial value) 
1 Parity bit added and checked* 


Note: * When PE is set to 1, an even or odd parity bit is added to transmit data according to the 
even or odd parity mode selected by the O/E bit, and the parity bit in receive data is 
checked to see that it matches the even or odd mode selected by the O/E bit. 
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Bit 4— Parity Mode (O/E): Selects even or odd parity. The O/E bit setting is valid in 
asynchronous mode when the PE bit is set to 1 to enable the adding and checking of a parity bit. 
The O/E setting is ignored in synchronous mode, or when parity adding and checking is disabled 
in asynchronous mode. 





Bit 4 

O/E Description 

0 Even parity”! (Initial value) 
1 Odd parity*2 





Notes: 1. When even parity is selected, the parity bit added to transmit data makes an even 
number of 1s in the transmitted character and parity bit combined. Receive data must 
have an even number of 1s in the received character and parity bit combined. 

2. When odd parity is selected, the parity bit added to transmit data makes an odd number 
of 1s in the transmitted character and parity bit combined. Receive data must have an 
odd number of 1s in the received character and parity bit combined. 


Bit 3—Stop Bit Length (STOP): Selects one or two stop bits in asynchronous mode. This setting 
is used only in asynchronous mode. In synchronous mode no stop bit is added, so the STOP bit 
setting is ignored. 








Bit 3 

STOP Description 

0 One stop bit*! (Initial value) 
1 Two stop bits*2 


Notes: 1. One stop bit (with value 1) is added at the end of each transmitted character. 
2. Two stop bits (with value 1) are added at the end of each transmitted character. 


In receiving, only the first stop bit is checked, regardless of the STOP bit setting. If the second 
stop bit is | it is treated as a stop bit. If the second stop bit is 0 it is treated as the start bit of the 
next incoming character. 
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Bit 2—Multiprocessor Mode (MP): Selects a multiprocessor format. When a multiprocessor 
format is selected, parity settings made by the PE and O/E bits are ignored. The MP bit setting is 
valid only in asynchronous mode. It is ignored in synchronous mode. 


For further information on the multiprocessor communication function, see section 13.3.3, 
Multiprocessor Communication Function. 





Bit 2 

MP Description 

0 Multiprocessor function disabled (Initial value) 
1 Multiprocessor format selected 





Bits 1 and 0—Clock Select 1 and 0 (CKS1/0): These bits select the clock source of the on-chip 
baud rate generator. Four clock sources are available: ¢, 4/4, 6/16, and 4/64. 


For the relationship between the clock source, bit rate register setting, and baud rate, see 
section 13.2.8, Bit Rate Register. 














Bit 1 Bit 0 

CKS1 CKSO _ _—iDescription 

0 0 io) (Initial value) 
0 1 o/4 

1 0 9/16 

1 1 2/64 
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13.2.6 Serial Control Register (SCR) 


SCR enables the SCI transmitter and receiver, enables or disables serial clock output in 
asynchronous mode, enables or disables interrupts, and selects the transmit/receive clock source. 
































Bit 7 6 5 4 3 2 1 0 
TIE RIE TE RE MPIE TEIE CKE1 CKEO 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Clock enable 1/0 
These bits select the 
SCI clock source 


Transmit end interrupt enable 
Enables or disables transmit- 
end interrupts (TEl) 





Multiprocessor interrupt enable 
Enables or disables multiprocessor 
interrupts 





Receive enable 
Enables or disables the receiver 





Transmit enable 
Enables or disables the transmitter 





Receive interrupt enable 
Enables or disables receive-data-full interrupts (RXI) and 
receive-error interrupts (ERI) 





Transmit interrupt enable 
Enables or disables transmit-data-empty interrupts (TX!) 


The CPU can always read and write SCR. SCR is initialized to H'00 by a reset and in standby 
mode. 
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Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt 
(TXI) requested when the TDRE flag in SSR is set to 1 due to transfer of serial transmit data from 
TDR to TSR. 





Bit 7 

TIE Description 

0 Transmit-data-empty interrupt request (TXI) is disabled* (Initial value) 
1 Transmit-data-empty interrupt request (TXI) is enabled 





Note: * TXI interrupt requests can be cleared by reading the value 1 from the TDRE flag, then 
clearing it to 0; or by clearing the TIE bit to 0. 


Bit 6-—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt 
(RX) requested when the RDRF flag is set to 1 in SSR due to transfer of serial receive data from 
RSR to RDR; also enables or disables the receive-error interrupt (ERI). 





Bit 6 

RIE Description 

0 Receive-end (RXI) and receive-error (ERI) interrupt requests are disabled (Initial value) 
1 Receive-end (RXI) and receive-error (ERI) interrupt requests are enabled 





Note: * RXI and ERI interrupt requests can be cleared by reading the value 1 from the RDRF, FER, 
PER, or ORER flag, then clearing it to 0; or by clearing the RIE bit to 0. 


Bit 5—Transmit Enable (TE): Enables or disables the start of SCI serial transmitting operations. 





Bit5 

TE Description 

0 Transmitting disabled*1 (Initial value) 
1 Transmitting enabled*2 





Notes: 1. The TDRE bit is locked at 1 in SSR. 
2. Inthe enabled state, serial transmitting starts when the TDRE bit in SSR is cleared to 0 
after writing of transmit data into TDR. Select the transmit format in SMR before setting 
the TE bit to 1. 
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Bit 4—Receive Enable (RE): Enables or disables the start of SCI serial receiving operations. 








Bit 4 

RE Description 

0 Receiving disabled*1 (Initial value) 
1 Receiving enabled*2 


Notes: 1. Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags. These 
flags retain their previous values. 
2. In the enabled state, serial receiving starts when a start bit is detected in asynchronous 
mode, or serial clock input is detected in synchronous mode. Select the receive format 
in SMR before setting the RE bit to 1. 


Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts. 
The MPIE setting is valid only in asynchronous mode, and only if the MP bit is set to 1 in SMR. 
The MPIE setting is ignored in synchronous mode or when the MP bit is cleared to 0. 


Bit 3 
MPIE Description 





0 Multiprocessor interrupts are disabled (normal receive operation) (Initial value) 
[Clearing conditions] 
The MPIE bit is cleared to 0. 
MPB = 1 in received data. 





1 Multiprocessor interrupts are enabled* 
Receive-data-full interrupts (RXI), receive-error interrupts (ERI), and setting of the RDRF, 
FER, and ORER status flags in SSR are disabled until data with the multiprocessor bit 
set to 1 is received. 





Note: * The SCI does not transfer receive data from RSR to RDR, does not detect receive errors, 
and does not set the RDRF, FER, and ORER flags in SSR. When it receives data in which 
MPB = 1, the SCI sets the MPB bit to 1 in SSR, automatically clears the MPIE bit to 0, 
enables RXI and ERI interrupts (if the RIE bit is set to 1 in SCR), and allows the FER and 
ORER flags to be set. 
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Bit 2—Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end interrupt 
(TEI) requested if TDR does not contain new transmit data when the MSB is transmitted. 





Bit 2 

TEIE Description 

0 Transmit-end interrupt requests (TEI) are disabled* (Initial value) 
1 Transmit-end interrupt requests (TEI) are enabled* 


Note: * TEI interrupt requests can be cleared by reading the value 1 from the TDRE flag in SSR, 
then clearing the TDRE flag to 0, thereby also clearing the TEND flag to 0; or by clearing 
the TEIE bit to 0. 


Bits 1 and 0O—Clock Enable 1 and 0 (CKE1/0): These bits select the SCI clock source and 
enable or disable clock output from the SCK pin. Depending on the settings of CKE1 and CKEO, 
the SCK pin can be used for generic input/output, serial clock output, or serial clock input. 


The CKEO setting is valid only in asynchronous mode, and only when the SCI is internally 
clocked (CKE1 = 0). The CKEO setting is ignored in synchronous mode, or when an external 
clock source is selected (CKE1 = 1). Select the SCI operating mode in SMR before setting the 
CKE1 and CKEO bits. For further details on selection of the SCI clock source, see table 13-9 in 
section 13.3, Operation. 


























Bit 1 Bit 0 
CKE1 CKEO __—i Description 
0 0 Asynchronous mode Internal clock, SCK pin available for generic 
input/output *1 
Synchronous mode Internal clock, SCK pin used for serial clock output *1 
0 1 Asynchronous mode Internal clock, SCK pin used for clock output *2 
Synchronous mode Internal clock, SCK pin used for serial clock output 
1 0 Asynchronous mode External clock, SCK pin used for clock input *8 
Synchronous mode External clock, SCK pin used for serial clock input 
1 1 Asynchronous mode External clock, SCK pin used for clock input *3 
Synchronous mode External clock, SCK pin used for serial clock input 





Notes: 1. Initial value 
2. The output clock frequency is the same as the bit rate. 
3. The input clock frequency is 16 times the bit rate. 
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13.2.7 Serial Status Register (SSR) 


SSR is an 8-bit register containing multiprocessor bit values, and status flags that indicate SCI 
operating status. 








Bit 7 6 5 4 3 2 1 0 

| TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT | 
Initial value 1 0 0 0 0 1 0 0 
Read/Write R/(W)* = R/(W)* —-R/(W)* R/(W)* R/(W)** R R R/W 





Multiprocessor 
bit transfer 
Value of multi- 
processor bit to 
be transmitted 


Multiprocessor bit 
Stores the received 
multiprocessor bit value 





Transmit end 
Status flag indicating end of 
transmission 





Parity error 
Status flag indicating detection of 
a receive parity error 





Framing error 


Status flag indicating detection of a receive 
framing error 





Overrun error 

Status flag indicating detection of a receive overrun error 
Receive data register full 

Status flag indicating that data has been received and stored in RDR 
Transmit data register empty 


Status flag indicating that transmit data has been transferred from TDR into 
TSR and new data can be written in TDR 








Note: * Only 0 can be written, to clear the flag. 
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The CPU can always read and write SSR, but cannot write 1 in the TDRE, RDRF, ORER, PER, 
and FER flags. These flags can be cleared to 0 only if they have first been read while set to 1. The 
TEND and MPB flags are read-only bits that cannot be written. 


SSR is initialized to H'84 by a reset and in standby mode. 


Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has loaded transmit data 
from TDR into TSR and the next serial transmit data can be written in TDR. 


Bit 7 
TDRE 


0 


Description 


TDR contains valid transmit data 

[Clearing conditions] 

Software reads TDRE while it is set to 1, then writes 0. 
The DMAC writes data in TDR. 





TDR does not contain valid transmit data (Initial value) 
[Setting conditions] 

The chip is reset or enters standby mode. 

The TE bit in SCR is cleared to 0. 

TDR contents are loaded into TSR, so new data can be written in TDR. 


Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains new receive data. 


Bit 6 
RDRF 


0 


Description 


RDR does not contain new receive data (Initial value) 
[Clearing conditions] 

The chip is reset or enters standby mode. 

Software reads RDRF while it is set to 1, then writes 0. 

The DMAC reads data from RDR. 





RDR contains new receive data 
[Setting condition] 
When serial data is received normally and transferred from RSR to RDR. 





Note: The RDR contents and RDPF flag are not affected by detection of receive errors or by 


clearing of the RE bit to 0 in SCR. They retain their previous values. If the RDRF flag is still 
set to 1 when reception of the next data ends, an overrun error occurs and receive data is 
lost. 
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Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally due to an 


overrun error. 








Bit 5 
ORER Description 
0 Receiving is in progress or has ended normally (Initial value)*? 
[Clearing conditions] 
The chip is reset or enters standby mode. 
Software reads ORER while it is set to 1, then writes 0. 
1 A receive overrun error occurred*2 
[Setting condition] 
Reception of the next serial data ends when RDRFF = 1. 
Notes: 1. Clearing the RE bit to 0 in SCR does not affect the ORER flag, which retains its 


2. 


previous value. 

RDR continues to hold the receive data before the overrun error, so subsequent receive 
data is lost. Serial receiving cannot continue while the ORER flag is set to 1. In 
synchronous mode, serial transmitting is also disabled. 


Bit 4—Framing Error (FER): Indicates that data reception ended abnormally due to a framing 
error in asynchronous mode. 








Bit 4 
FER Description 
0 Receiving is in progress or has ended normally (Initial value)*1 
[Clearing conditions] 
The chip is reset or enters standby mode. 
Software reads FER while it is set to 1, then writes 0. 
1 A receive framing error occurred*2 
[Setting condition] 
The stop bit at the end of receive data is checked and found to be 0. 
Notes: 1. Clearing the RE bit to 0 in SCR does not affect the FER flag, which retains its previous 


2. 


value. 

When the stop bit length is 2 bits, only the first bit is checked. The second stop bit is not 
checked. When a framing error occurs the SCI transfers the receive data into RDR but 
does not set the RDRF flag. Serial receiving cannot continue while the FER flag is set 
to 1. In synchronous mode, serial transmitting is also disabled. 
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Bit 3—Parity Error (PER): Indicates that data reception ended abnormally due to a parity error 
in asynchronous mode. 





Bit 3 

PER Description 

0 Receiving is in progress or has ended normally*1 (Initial value) 
[Clearing conditions] 
The chip is reset or enters standby mode. 
Software reads PER while it is set to 1, then writes 0. 

1 A receive parity error occurred*2 
[Setting condition] 
The number of 1s in receive data, including the parity bit, does not match the even or 
odd parity setting of O/E in SMR. 

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the PER flag, which retains its previous 


value. 


2. When a parity error occurs the SCI transfers the receive data into RDR but does not set 


the RDRF flag. Serial receiving cannot continue while the PER flag is set to 1. In 
synchronous mode, serial transmitting is also disabled. 


Bit 2—Transmit End (TEND): Indicates that when the last bit of a serial character was 
transmitted TDR did not contain new transmit data, so transmission has ended. The TEND flag is 


a read-only bit and cannot be written. 








Bit 2 
TEND Description 
0 Transmission is in progress 
[Clearing conditions] 
Software reads TDRE while it is set to 1, then writes 0 in the TDRE flag. 
The DMAC writes data in TDR. 
1 End of transmission (Initial value) 


[Setting conditions] 

The chip is reset or enters standby mode. 

The TE bit is cleared to 0 in SCR. 

TDRE is 1 when the last bit of a serial character is transmitted. 
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Bit 1—Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in receive data 
when a multiprocessor format is used in asynchronous mode. MPB is a read-only bit and cannot 
be written. 





Bit 1 

MPB Description 

0 Multiprocessor bit value in receive data is 0* (Initial value) 
1 Multiprocessor bit value in receive data is 1 





Note: * If the RE bit is cleared to 0 when a multiprocessor format is selected, MPB retains its 
previous value. 


Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added to 
transmit data when a multiprocessor format is selected for transmitting in asynchronous mode. 
The MPBT setting is ignored in synchronous mode, when a multiprocessor format is not selected, 
or when the SCI is not transmitting. 








Bit 0 

MPBT ___sODescription 

0 Multiprocessor bit value in transmit data is 0 (Initial value) 
1 Multiprocessor bit value in transmit data is 1 





13.2.8 Bit Rate Register (BRR) 


BRR is an 8-bit register that, together with the CKS1 and CKSO bits in SMR that select the baud 
rate generator clock source, determines the serial communication bit rate. 


Bit 7 6 5 4 3 2 1 0 








Initial value 1 1 1 1 1 1 1 1 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 


The CPU can always read and write BRR. BRR is initialized to H'FF by a reset and in standby 
mode. The two SCI channels have independent baud rate generator control, so different values can 
be set in the two channels. 


Table 13-3 shows examples of BRR settings in asynchronous mode. Table 13-4 shows examples 
of BRR settings in synchronous mode. 
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Table 13-3 Examples of Bit Rates and BRR Settings in Asynchronous Mode 










































































@ (MHz) 
2 2.097152 2.4576 3 
Bit Rate Error Error Error Error 
(bits/s) n N (%) n N (%) n N (%) n N (%) 
110 1 141 0.03 1 148 -0.04 1 174 -0.26 1 212 0.03 
150 1 103 0.16 1 108 0.21 1 127 0 1 155 0.16 
300 0 207 0.16 O 217 0.21 0 255 0 1 77 0.16 
600 0 103 0.16 0 108 0.21 0 127 0 O 155 0.16 
1200 O 51 0.16 0 54 -0.70 0 63 O 0 77 0.16 
2400 0 25 0.16 0 26 1.14 0 31 +O 0 38 0.16 
4800 0 12 0.16 0 13 -2.48 0 15 O 0 19 -2.34 
9600 0 6 6.99 0 6 -2.48 0 7 0 0 9 2.34 
19200 0 2 8.51 0 2 13.78 0 3 0 0 4 2.34 
31250 Oo 1 0 Oo 1 4.86 Oo 1 22.88 0 2 0 
38400 Oo 1 -18.62 0 1 -1467 O 1 0 - -—- — 
@ (MHz) 
3.6864 4 4.9152 5 
Bit Rate Error Error Error Error 
(bits/s) n N (%) n N (%) n N (%) n N (%) 
110 64 0.70 2 70 0.03 2 86 0.31 2 88 = -0.25 
150 1 191 0 1 207 0.16 1 255 0 2 64 0.16 
300 1 95 O 1 103 0.16 1 127 0 1 129 0.16 
600 0 191 0 0 207 0.16 0 255 0 1 64 0.16 
1200 0 95 O 0 103 0.16 0 127 0 O 129 0.16 
2400 0 47 +O O 51 0.16 0 63 O 0 64 0.16 
4800 0 23 #O 0 25 0.16 0 31 #O 0 32 -1.36 
9600 0 11 #O 0 12 0.16 0 15 O 0 15 1.73 
19200 0 5 0 0 6 6.99 0 7 0 0 7 1.73 
31250 - - -— 0 38 0 0 4 -1.70 0 4 0 
38400 0 2 0 0 2 8.51 0 3 0 0 3 1.73 
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Table 13-3 Examples of Bit Rates and BRR Settings in Asynchronous Mode (cont) 










































































@ (MHz) 
6 6.144 7.3728 8 
Bit Rate Error Error Error Error 
(bits/s) n N (%) n N (%) n N (%) n N (%) 
110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03 
150 2 77 0.16 2 79 O 2 95 0O 2 103 0.16 
300 1 155 0.16 1 159 0 1 191 0 1 207 0.16 
600 1 77 0.16 1 79 O 1 95 0O 1 103 0.16 
1200 0 155 0.16 0 159 O Oo 191 0 0 207 0.16 
2400 0 77 0.16 0 79 +O 0 95 O 0 103 0.16 
4800 0 38 0.16 0 39 =O 0 47 #O O 51 0.16 
9600 0 19 -2.34 0 19 O 0 23 #0 0 25 0.16 
19200 0 9 -2.34 0 9 0 0 11 #O 0 12 0.16 
31250 0 5 0 0 5 2.40 0 5.33 0 7 0 
38400 0 4 -2.34 0 4 0 0 0 0 6 6.99 
@ (MHz) 

9.8304 10 12 12.288 
Bit Rate Error Error Error Error 
(bits/s) n N (%) n N (%) n N (%) n N (%) 
110 2 174 -0.26 2 177 -0.25 2 212 0.03 2 217 0.08 
150 2 127 0 2 129 0.16 2 155 0.16 2 159 0 
300 1 255 0 2 64 0.16 2 77 0.16 2 79 O 
600 1 127 0 1 129 0.16 1 155 0.16 1 159 0 
1200 0 255 0 1 64 0.16 1 77 0.16 1 79 O 
2400 0 127 0 0 129 0.16 O 155 0.16 0 159 O 
4800 0 63 =O O 64 0.16 0 77 0.16 0 79 O 
9600 0 31 #O 0 32 -1.36 0 38 0.16 0 39 =O 
19200 0 15 O 0 15 1.73 0 19 -2.34 0 19 O 
31250 0 9 -1.70 0 9 0 0 11 0 0 1 2.40 
38400 0 7 0 0 7 1.73 0 9 -2.34 0 9 0 
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Table 13-3 Examples of Bit Rates and BRR Settings in Asynchronous Mode (cont) 






































@ (MHz) 
14 14.7456 16 

Bit Rate Error Error Error 
(bits/s) n N (%) n N (%) n N (%) 
110 2 248 -0.17 3 64 0.70 3 70 0.03 
150 2 181 0.16 2 191 0 2 207 0.16 
300 2 90 0.16 2 95 0O 2 103 0.16 
600 1 181 0.16 1 191 0 1 207 0.16 
1200 1 90 0.16 1 95 O 1 103 0.16 
2400 O 181 0.16 0 191 0 0 207 0.16 
4800 0 90 0.16 0 9 O 0 103 0.16 
9600 0 45 = -0.93 0 47 +O O 51 0.16 
19200 0 22 -0.93 0 23 #O 0 25 0.16 
31250 0 13 #0 0 14 -1.70 0 15 O 
38400 0 10 3.57 0 11 #O O 12 0.16 
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Table 13-4 Examples of Bit Rates and BRR Settings in Synchronous Mode 


















































@ (MHz) 
Bit Rate G i e ” ie 
(bits/s) n N n N n N n N n N 
110 3 70 - = - = Ss a 
250 2 124 2 249 3 124 — — 3 249 
500 1 249° 2 124 2 2499 — — 3 124 
1k 1 124 «1 249 2 124 — — 2 249 
2.5k 0 199 1 99 1 199 1 249 2 99 
5k 0 99 0 199 1 99 1 124 1 199 
10k 0 49 0 99 0 199 0 249 «1 99 
25 k 0 19 0 39 0 79 0 99 0 159 
50 k 0 9 0 19 0 39 0 49 0 79 
100 k 0 4 0 9 0 19 0 24 0 39 
250 k 0 1 0 3 0 7 0 9 0 15 
500 k 0 0* 0 1 0 3 0 4 0 7 
1M 0 0* 0 1 -_- = 0 3 
2M 0 0* -_- — 0 1 
2.5M =). = 0 0* — 
4M 0 0% 
Note: Settings with an error of 1% or less are recommended. 
Legend 
Blank: No setting available 
— Setting possible, but error occurs 
ca Continuous transmit/receive not possible 


The BRR setting is calculated as follows: 
Asynchronous mode: 
@ 


N = ————______ x 106 - 1 
64 x 227-1 xB 
Synchronous mode: 
@ 
N = ————____ x 106-1 
8x22n-1xB 


B: Bit rate (bits/s) 
N: BRR setting for baud rate generator (0 < N < 255) 
@: System clock frequency (MHz) 
n: Baud rate generator clock source (n = 0, 1, 2, 3) 
(For the clock sources and values of n, see the following table.) 
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SMR Settings 
Clock Source CKS1 CKSO 











n 

0 @ 0 0 
1 9/4 0 1 
2 9/16 1 0 
3 9/64 1 1 





The bit rate error in asynchronous mode is calculated as follows. 
@ x 106 
(N+1)x Bx 64 x 22n-1 





Error (%) ={ 


-1)x 100 
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Table 13-5 indicates the maximum bit rates in asynchronous mode for various system clock 
frequencies. Tables 13-6 and 13-7 indicate the maximum bit rates with external clock input. 


Table 13-5 Maximum Bit Rates for Various Frequencies (Asynchronous Mode) 



























































Settings 
@ (MHz) Maximum Bit Rate (bits/s) n N 
2 62500 0 0 
2.097152 65536 0 0 
2.4576 76800 0 0 
3 93750 0 0 
3.6864 115200 0 0 
4 125000 0 0 
4.9152 153600 0 0 
5 156250 0 0 
6 187500 0 0 
6.144 192000 0 0 
7.3728 230400 0 0 
8 250000 0 0 
9.8304 307200 0 0 
10 312500 0 0 
12 375000 0 0 
12.288 384000 0 0 
14 437500 0 0 
14.7456 460800 0 0 
16 500000 0 0 
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Table 13-6 Maximum Bit Rates with External Clock Input (Asynchronous Mode) 
























































@ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s) 
2 0.5000 31250 
2.097152 0.5243 32768 
2.4576 0.6144 38400 
3 0.7500 46875 
3.6864 0.9216 57600 
4 1.0000 62500 
4.9152 1.2288 76800 
5 1.2500 78125 
6 1.5000 93750 
6.144 1.5360 96000 
7.3728 1.8432 115200 
8 2.0000 125000 
9.8304 2.4576 153600 
10 2.5000 156250 
12 3.0000 187500 
12.288 3.0720 192000 
14 3.5000 218750 
14.7456 3.6864 230400 
16 4.0000 250000 





468 


Table 13-7 Maximum Bit Rates with External Clock Input (Synchronous Mode) 























@ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s) 
2 0.3333 333333.3 

4 0.6667 666666.7 

6 1.0000 1000000.0 

8 1.3333 1333333.3 

10 1.6667 1666666.7 

12 2.0000 2000000.0 

14 2.3333 2333333.3 

16 2.6667 2666666.7 
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13.3. Operation 
13.3.1 Overview 


The SCI has an asynchronous mode in which characters are synchronized individually, and a 
synchronous mode in which communication is synchronized with clock pulses. Serial 
communication is possible in either mode. Asynchronous or synchronous mode and the 
communication format are selected in SMR, as shown in table 13-8. The SCI clock source is 
selected by the C/A bit in SMR and the CKE1 and CKEO bits in SCR, as shown in table 13-9. 


Asynchronous Mode 
e Data length is selectable: 7 or 8 bits. 


e — Parity and multiprocessor bits are selectable. So is the stop bit length (1 or 2 bits). These 
selections determine the communication format and character length. 


e In receiving, it is possible to detect framing errors, parity errors, overrun errors, and the break 
state. 


e An internal or external clock can be selected as the SCI clock source. 


— When an internal clock is selected, the SCI operates using the on-chip baud rate generator, 
and can output a serial clock signal with a frequency matching the bit rate. 


— When an external clock is selected, the external clock input must have a frequency 
16 times the bit rate. (The on-chip baud rate generator is not used.) 


Synchronous Mode 

¢ The communication format has a fixed 8-bit data length. 

e In receiving, it is possible to detect overrun errors. 

e — An internal or external clock can be selected as the SCI clock source. 


— When an internal clock is selected, the SCI operates using the on-chip baud rate generator, 
and outputs a serial clock signal to external devices. 


— When an external clock is selected, the SCI operates on the input serial clock. The on-chip 
baud rate generator is not used. 
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Table 13-8 SMR Settings and Serial Communication Formats 


SMR Settings 


























SCI Communication Format 


























Multi- Stop 
Bit7 Bité6é Bit2 Bit5 Bit3 Data processor Parity Bit 
C/A CHR MP PE _ STOP Mode Length Bit Bit Length 
0 0 0 0 0 Asynchronous’ 8-bit data. Absent Absent 1 bit 
o 8 0 @-4 mode 2 bits 
0 0 0 1 0 Present 1 bit 
0 0 0 1 1 2 bits 
0 1 0 0 0 7-bit data Absent 1 bit 
0 1 0 0 1 2 bits 
0 1 0 1 0 Present 1 bit 
0 1 0 1 2 bits 
0 0 1 _— 0 Asynchronous’ 8-bitdata Present Absent 1 bit 
OO. Nhs He ae 2 bits 
0 1 1 — 0 format) 7-bit data 1 bit 
0 1 1 — 1 2 bits 
1 —_ _ —_ —_— Synchronous 8-bit data Absent None 


mode 





Table 13-9 SMR and SCR Settings and SCI Clock Source Selection 






































SMR _ SCR Seitings 

Bit7 Bit1 Bito SCI Transmit/Receive Clock 

C/A CKE1 CKEO Mode Clock Source SCK Pin Function 

0 0 0 Asynchronous mode __ Internal SCI does not use the SCK pin 

0 0 1 Outputs a clock with frequency 
matching the bit rate 

0 1 0 External Inputs a clock with frequency 
16 times the bit rate 

0 1 1 

1 0 0 Synchronous mode Internal Outputs the serial clock 

1 0 1 

1 1 0 External Inputs the serial clock 

1 1 1 
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13.3.2 Operation in Asynchronous Mode 


In asynchronous mode each transmitted or received character begins with a start bit and ends with 
a stop bit. Serial communication is synchronized one character at a time. 


The transmitting and receiving sections of the SCI are independent, so full duplex communication 
is possible. The transmitter and receiver are both double buffered, so data can be written and read 
while transmitting and receiving are in progress, enabling continuous transmitting and receiving. 


Figure 13-2 shows the general format of asynchronous serial communication. In asynchronous 
serial communication the communication line is normally held in the mark (high) state. The SCI 
monitors the line and starts serial communication when the line goes to the space (low) state, 
indicating a start bit. One serial character consists of a start bit (low), data (LSB first), parity bit 
(high or low), and stop bit (high), in that order. 


When receiving in asynchronous mode, the SCI synchronizes at the falling edge of the start bit. 
The SCI samples each data bit on the eighth pulse of a clock with a frequency 16 times the bit 
rate. Receive data is latched at the center of each bit. 





Idle (mark) state 



































1 (LSB) (MSB) 1 
Serial data} 0 DO | D1 | D2 | D3 | D4 | D5 |} D6 | D7 | 0/1 | 1 1 

Start Parity! Stop 

bit Transmit or receive data bit bit 

~<a > = > = al 

1 bit 7 bits or 8 bits 1 bitor 1 bit or 
nobit 2 bits 

One unit of data (character or frame) 
~<a al 




















Figure 13-2 Data Format in Asynchronous Communication (Example: 8-Bit Data with 
Parity and 2 Stop Bits) 
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Communication Formats: Table 13-10 shows the 12 communication formats that can be selected 
in asynchronous mode. The format is selected by settings in SMR. 


Table 13-10 Serial Communication Formats (Asynchronous Mode) 


SMR Settings 


Serial Communication Format and Frame Length 



































































































































CHR PE MP __ STOP 1 OB A 8 Ons ST Be 8 AOS AT 12 
0 0 0 0 S 8-bit data STOP 

0 0 0 1 S 8-bit data STOP|STOP 

0 1 0 0 S 8-bit data P |STOP 

0 1 0 1 Ss 8-bit data P |STOP|STOP 
1 0 0 0 S 7-bit data STOP 

1 0 0 1 S 7-bit data STOP|STOP 

1 1 0 0 S 7-bit data P |STOP 

1 1 0 1 Ss 7-bit data P |STOP|STOP 

0 _ 1 0 S 8 bit data MPB|STOP 

0 = 1 s 8 bit data mpB|stoP|sToP 
1 = 1 0 S 7-bit data MPB|STOP 

| = 1 1 Ss 7-bit data MPB stoP|sToP 
Legend 

S: Start bit 

STOP: Stop bit 

P: Parity bit 


MPB: Multiprocessor bit 
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Clock: An internal clock generated by the on-chip baud rate generator or an external clock input 
from the SCK pin can be selected as the SCI transmit/receive clock. The clock source is selected 
by the C/A bit in SMR and bits CKE1 and CKEO in SCR. See table 13-9. 


When an external clock is input at the SCK pin, it must have a frequency equal to 16 times the 
desired bit rate. 


When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The 
frequency of this output clock is equal to the bit rate. The phase is aligned as in figure 13-3 so that 
the rising edge of the clock occurs at the center of each transmit data bit. 


















































0 | DO} D1 | D2} D3 pa | Ds Dé | D7 |; Ol} 1 1 












































1 frame 

















Figure 13-3 Phase Relationship between Output Clock and Serial Data 
(Asynchronous Mode) 


Transmitting and Receiving Data 


SCI Initialization (Asynchronous Mode): Before transmitting or receiving, clear the TE and RE 
bits to 0 in SCR, then initialize the SCI as follows. 


When changing the communication mode or format, always clear the TE and RE bits to 0 before 
following the procedure given below. Clearing TE to 0 sets the TDRE flag to | and initializes 
TSR. Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and ORER flags and 
RDR, which retain their previous contents. 


When an external clock is used, the clock should not be stopped during initialization or 
subsequent operation. SCI operation becomes unreliable if the clock is stopped. 


Figure 13-4 is a sample flowchart for initializing the SCI. 
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( Start of initialization ) 





Clear TE and RE bits 
to 0 in SCR 











Set CKE1 and CKEO bits 
in SCR (leaving TE and 
RE bits cleared to 0) 






































Select communication 2 
format in SMR 
Set value in BRR 3 
Wait 
~<a 
1 bit interval No 
elapsed? 
Yes 
Set TE or RE bit to 1 in SCR 
Set RIE, TIE, TEIE, and 4 





MPIE bits as necessary 








Transmitting or receiving 








Select the clock source in SCR. Clear the RIE, TIE, TEIE, 
MPIE, TE, and RE bits to 0. If clock output is selected in 
asynchronous mode, clock output starts immediately after 
the setting is made in SCR. 

Select the communication format in SMR. 

Write the value corresponding to the bit rate in BRR. 

This step is not necessary when an external clock is used. 
Wait for at least the interval required to transmit or receive 
1 bit, then set the TE or RE bit to 1 in SCR. Set the RIE, 
TIE, TEIE, and MPIE bits as necessary. Setting the TE 

or RE bit enables the SCI to use the TxD or RxD pin. 


Figure 13-4 Sample Flowchart for SCI Initialization 
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Transmitting Serial Data (Asynchronous Mode): Figure 13-5 shows a sample flowchart for 
transmitting serial data and indicates the procedure to follow. 








Initialize | 


( Start transmitting ) 


a 


Read TDRE flag in SSR 


No 














Yes 





Write transmit data 
in TDR and clear TDRE 
flag to 0 in SSR 





















All data 
transmitted? 


No 






Read TEND flag in SSR 











Output break 
signal? 





Yes 





Clear DR bit to 0, 
set DDR bit to 1 


Clear TE bit to 0 in SCR 


a , 


Y 
End 

















. SCI initialization: the transmit data output function 


of the TxD pin is selected automatically. 


. SCI status check and transmit data write: read SSR, 


check that the TDRE flag is 1, then write transmit data 
in TDR and clear the TDRE flag to 0. 


. To continue transmitting serial data: after checking 


that the TDRE flag is 1, indicating that data can be 
written, write data in TDR, then clear the TDRE 

flag to 0. When the DMAC is activated by a transmit- 
-data-empty interrupt request (TXI) to write data in TDR, 
the TDRE flag is checked and cleared automatically. 


. To output a break signal at the end of serial transmission: 


set the DDR bit to 1 and clear the DR bit to 0 
(DDR and DR are |/O port registers), then clear the 
TE bit to 0 in SCR. 





Figure 13-5 Sample Flowchart for Transmitting Serial Data 
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In transmitting serial data, the SCI operates as follows. 


¢ The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI 
recognizes that TDR contains new data, and loads this data from TDR into TSR. 


e After loading the data from TDR into TSR, the SCI sets the TDRE flag to 1| and starts 
transmitting. If the TIE bit is set to 1 in SCR, the SCI requests a transmit-data-empty interrupt 
(TXD) at this time. 


Serial transmit data is transmitted in the following order from the TxD pin: 


— Start bit: One 0 bit is output. 

— Transmit data: 7 or 8 bits are output, LSB first. 

— Parity bit or multiprocessor bit: One parity bit (even or odd parity) or one multiprocessor 
bit is output. Formats in which neither a parity bit nor a 
multiprocessor bit is output can also be selected. 

— Stop bit: One or two | bits (stop bits) are output. 

— Mark state: Output of 1 bits continues until the start bit of the next 
transmit data. 


e The SCI checks the TDRE flag when it outputs the stop bit. If the TDRE flag is 0, the SCI 
loads new data from TDR into TSR, outputs the stop bit, then begins serial transmission of 
the next frame. If the TDRE flag is 1, the SCI sets the TEND flag to 1 in SSR, outputs the 
stop bit, then continues output of | bits in the mark state. If the TEIE bit is set to 1 in SCR, a 
transmit-end interrupt (TED) is requested at this time. 


Figure 13-6 shows an example of SCI transmit operation in asynchronous mode. 





Start Parity Stop Start Parity Stop 
f bit Data bit bit bit Data bit bit 


| 
TDRE 
-—__f 


TEND —_t}—_1— —i 

















TXI TXI interrupt handler TXI 
interrupt writes data in TDR and interrupt TEI interrupt request 
request clears TDRE flag to 0 request 
~<a =| 
1 frame 








Figure 13-6 Example of SCI Transmit Operation in Asynchronous Mode 
(8-Bit Data with Parity and 1 Stop Bit) 
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Receiving Serial Data (Asynchronous Mode): Figure 13-7 shows a sample flowchart for 
receiving serial data and indicates the procedure to follow. 














Initialize 1 


( Start receiving 


—sft | 











Read ORER, PER, 
and FER flags in SSR 















PER v RERV 
ORER = 1? 






Error handling 


(continued on next page) 





Read RDRF flag in SSR 4 











No 


Yes 





Read receive data 
from RDR, and clear 
RDRPF flag to 0 in SSR 





Finished 
receiving? 


Clear RE bit to 0 in SCR 


Y 


End 








1. SCl initialization: the receive data function of 
the RxD pin is selected automatically. 

2,3. Receive error handling and break 
detection: if a receive error occurs, read the 
ORER, PER, and FER flags in SSR to identify 
the error. After executing the necessary error 
handling, clear the ORER, PER, and FER 
flags all to 0. Receiving cannot resume if any 
of the ORER, PER, and FER flags remains 
set to 1. When a framing error occurs, the 
RxD pin can be read to detect the break state. 

4. SCl status check and receive data read: read 
SSR, check that RDRPF is set to 1, then read 
receive data from RDR and clear the RDRF 
flag to 0. Notification that the RDRF flag has 
changed from 0 to 1 can also be given by the 
RXI interrupt. 

5. To continue receiving serial data: check the 
RDRF flag, read RDR, and clear the RDRF 
flag to 0 before the stop bit of the current 
frame is received. If the DMAC is activated 
by an RXI interrupt to read the RDR value, 
the RDRF flag is cleared automatically. 





Figure 13-7 Sample Flowchart for Receiving Serial Data (1) 
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3 


C Error handling ) 








ne ORER = 1? 


Yes 











Overrun error handling 








| ml 





Yes 








No 








Framing error handling 











Clear RE bit to 0 in SCR 





| ml 














No 
PER =1? 


Yes 





Parity error handling 














> —! 








Clear ORER, PER, and 
FER flags to 0 in SSR 











End 





Figure 13-7 Sample Flowchart for Receiving Serial Data (2) 
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In receiving, the SCI operates as follows. 


¢ The SCI monitors the receive data line. When it detects a start bit, the SCI synchronizes 
internally and starts receiving. 


e Receive data is stored in RSR in order from LSB to MSB. 
e — The parity bit and stop bit are received. 
After receiving, the SCI makes the following checks: 


— Parity check: The number of Is in the receive data must match the even or odd parity 
setting of the O/E bit in SMR. 

— Stop bit check: The stop bit value must be 1. If there are two stop bits, only the first stop 
bit is checked. 

— Status check: The RDRF flag must be 0 so that receive data can be transferred from 
RSR into RDR. 


If these checks all pass, the RDRF flag is set to 1 and the received data is stored in RDR. If one of 
the checks fails (receive error), the SCI operates as indicated in table 13-11. 


Note: When a receive error occurs, further receiving is disabled. In receiving, the RDRF flag is 
not set to 1. Be sure to clear the error flags to 0. 


e« When the RDRF flag is set to 1, if the RIE bit is set to 1 in SCR, a receive-data-full interrupt 
(RXD) is requested. If the ORER, PER, or FER flag is set to 1 and the RIE bit in SCR is also 
set to 1, a receive-error interrupt (ERI) is requested. 


Table 13-11 Receive Error Conditions 








Receive Error Abbreviation Condition Data Transfer 

Overrun error ORER Receiving of next data ends Receive data not transferred 
while RDRPF flag is still set to from RSR to RDR 
1 in SSR 

Framing error FER Stop bit is 0 Receive data transferred 

from RSR to RDR 

Parity error PER Parity of receive data differs Receive data transferred 
from even/odd parity setting from RSR to RDR 
in SMR 
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Figure 13-8 shows an example of SCI receive operation in asynchronous mode. 













































































Start Parity Stop Start Parity Stop 
1 bit Data bit bit bit Data bit bit 1 
0 DO | D1 D7 | O/1 1 0 DO | D1 D7 | O/1 1 Idle (mark) 
sf i state 
RDRF 
( ——— 
MW iy 
A 
FER 
v v 
| h 
RXI RXI interrupt handler 
request reads data in RDR and Framing error 
clears RDRF flag to 0 : 
“ aie _ 9 ERI request 








Figure 13-8 Example of SCI Receive Operation (8-Bit Data with Parity and One Stop Bit) 
13.3.3, Multiprocessor Communication 


The multiprocessor communication function enables several processors to share a single serial 
communication line. The processors communicate in asynchronous mode using a format with an 
additional multiprocessor bit (multiprocessor format). 


In multiprocessor communication, each receiving processor is addressed by an ID. A serial 
communication cycle consists of an [D-sending cycle that identifies the receiving processor, and a 
data-sending cycle. The multiprocessor bit distinguishes [D-sending cycles from data-sending 
cycles. 


The transmitting processor starts by sending the ID of the receiving processor with which it wants 
to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor sends 
transmit data with the multiprocessor bit cleared to 0. 


Receiving processors skip incoming data until they receive data with the multiprocessor bit set 

to 1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the 
data with their IDs. The receiving processor with a matching ID continues to receive further 
incoming data. Processors with IDs not matching the received data skip further incoming data 
until they again receive data with the multiprocessor bit set to 1. Multiple processors can send and 
receive data in this way. 


Figure 13-9 shows an example of communication among different processors using a 
multiprocessor format. 
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Communication Formats: Four formats are available. Parity-bit settings are ignored when a 
multiprocessor format is selected. For details see table 13-8. 


Clock: See the description of asynchronous mode. 








Transmitting 
processor 





Serial communication line 


! 


















































Receiving Receiving Receiving Receiving 
processor A processor B processor C processor D 
(ID = 01) (ID = 02) (ID = 03) (ID = 04) 
Serial data H'01 H'AA 
(MPB = 1) (MPB = 0) 
> 
ID-sending cycle: receiving Data-sending cycle: 
processor address data sent to receiving 


processor specified by ID 
Legend 
MPB: Multiprocessor bit 








Figure 13-9 Example of Communication among Processors using Multiprocessor Format 
(Sending Data H'AA to Receiving Processor A) 
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Transmitting and Receiving Data 


Transmitting Multiprocessor Serial Data: Figure 13-10 shows a sample flowchart for 
transmitting multiprocessor serial data and indicates the procedure to follow. 























Initialize 1 1. SCI initialization: the transmit data 
output function of the TxD pin is 
vate selected automatically. 
C start aiomniuing p 2. SCI status check and transmit data 
i write: read SSR, check that the TDRE 





P flag is 1, then write transmit 
Read TDRE flag in SSR 2 data in TDR. Also set the MPBT flag to 


0 or 1 in SSR. Finally, clear the TDRE 
No flag to 0. 
Tore= 17 3. To continue transmitting serial data: 
after checking that the TDRE flag is 1, 


Yes indicating that data can be 

written, write data in TDR, then clear 
the TDRE flag to 0. When the DMAC 
is activated by a transmit-data-empty 
interrupt request (TXI) to write data in 








Write transmit data in 
TDR and set MPBT bit in SSR 





















Clear TDRE flag to 0 TDR, the TDRE flag is checked and 
cleared automatically. 
No 4. To output a break signal at the end of 
All data transmitted? 3 serial transmission: set the DDR bit to 
1 and clear the DR bit to 0 (DDR and 
Yes DR are |/O port registers), then clear 
< the TE bit to 0 in SCR. 








Read TEND flag in SSR 

















No 
TEND = 1? 
Yes 
. No 
Output break signal? 4 
Yes 





Clear DR bit to 0, set DDR bit to 1 








Clear TE bit to 0 in SCR 


at 


y 
End 


























Figure 13-10 Sample Flowchart for Transmitting Multiprocessor Serial Data 
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In transmitting serial data, the SCI operates as follows. 


¢ The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI 
recognizes that TDR contains new data, and loads this data from TDR into TSR. 


e After loading the data from TDR into TSR, the SCI sets the TDRE flag to 1 and starts 
transmitting. If the TIE bit in SCR is set to 1, the SCI requests a transmit-data-empty interrupt 
(TX]) at this time. 


Serial transmit data is transmitted in the following order from the TxD pin: 


— Start bit: One 0 bit is output. 

— Transmit data: 7 or 8 bits are output, LSB first. 

— Multiprocessor bit: One multiprocessor bit (MPBT value) is output. 

— Stop bit: One or two | bits (stop bits) are output. 

— Mark state: Output of | bits continues until the start bit of the next transmit data. 


e¢ The SCI checks the TDRE flag when it outputs the stop bit. If the TDRE flag is 0, the SCI 
loads data from TDR into TSR, outputs the stop bit, then begins serial transmission of the 
next frame. If the TDRE flag is 1, the SCI sets the TEND flag in SSR to 1, outputs the stop 
bit, then continues output of 1 bits in the mark state. If the TEIE bit is set to 1 in SCR, a 
transmit-end interrupt (TED) is requested at this time. 


Figure 13-11 shows an example of SCI transmit operation using a multiprocessor format. 













Multi- Multi- 
processor processor 
bit bit 
Start Stop Start Stop 
1 bit Data bit bit Data bit 
Serial 0 DO | D1 Lo [oofory Idle (mark) 
Set | Do | ot | | do | ot | idl 

















TEND 4 4 











TXI TXI interrupt handler TXI 
request writes data in TDR and request TEI request 
clears TDRE flag to 0 
~ =| 
1 frame 





Figure 13-11 Example of SCI Transmit Operation (8-Bit Data with Multiprocessor Bit and 
One Stop Bit) 
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Receiving Multiprocessor Serial Data: Figure 13-12 shows a sample flowchart for receiving 
multiprocessor serial data and indicates the procedure to follow. 











Initialize 1 








| 


( Start receiving ) 





Set MPIE bit to 1 in SCR 2 











Read ORER and 





FER flags in SSR 








Yes 


FER v ORER = 1 


No 











Read RDRF flag in SSR 3 





Bs) 
is) 
Bs) 


y 


F=1? 


Yes 








Read receive data from RDR 








Own 


ID? 


Yes 


ry 








Read ORER and 





FER flags in SSR 




















Yes 
FER v ORER = 1 
No 
Read RDRF flag in SSR 
RDRF = 1? 


Yes 








Read receive data from RDR 

















Finished receiving? 


No 














Clear RE bit to 0 in SCR 








End 








. SCI initialization: the receive data function 


of the RxD pin is selected automatically. 


. ID receive cycle: set the MPIE bit to 1 in SCR. 
. SCI status check and ID check: read SSR, 


check that the RDRF flag is set to 1, then read 
data from RDR and compare with the 
processor's own ID. If the ID does not match, 
set the MPIE bit to 1 again and clear the 
RDRF flag to 0. If the ID matches, clear the 
RDPF flag to 0. 


. SCI status check and data receiving: read 


SSR, check that the RDRF flag is set to 1, 
then read data from RDR. 


. Receive error handling and break detection: 


if a receive error occurs, read the 

ORER and FER flags in SSR to identify the error. 
After executing the necessary error handling, 
clear the ORER and FER flags both to 0. 
Receiving cannot resume while either the ORER 
or FER flag remains set to 1. When a framing 
error occurs, the RxD pin can be read to detect 
the break state. 


(Error handling _) 


(continued on next page) 





Figure 13-12 Sample Flowchart for Receiving Multiprocessor Serial Data (1) 








5 


¢ Error handling +) 








No 


Yes 





Overrun error handling 

















Yes 
Break? 





No 








Framing error handling 





Clear RE bit to 0 in SCR 








| 

















Clear ORER, PER, and FER 
flags to 0in SSR 


i 


End 




















Figure 13-12 Sample Flowchart for Receiving Multiprocessor Serial Data (2) 
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Figure 13-13 shows an example of SCI receive operation using a multiprocessor format. 






































































































































Start Stop Start Stop 
1 bit Data (ID1) MPB bit bit Data (data1) MPB bit 1 
(¢ (( 
0 DO | D1 D7 1 1 0 DO | D1 D7 0 1 Idle (mark) 
ts $f state 
45 
MPIE 
RDRF va 
ss 45 
Val x t 
RDR value x ID1 
RXI request RXI handler reads Not own !ID,so No RXI request, 
(multiprocessor RDR data and clears MPIE bit is set RDR not updated 
interrupt), MPIE=0 RDRF flag to 0 to 1 again 
a. Own ID does not match data 
Start Stop Start Stop 
1 bit Data (ID2) MPB bit bit Data (data2) MPB bit 1 
o |pol|pi | ]p7] 1 ]4 ] 0 ]oo] ot] | 07] 0] 14 Idle (mark) 
45 tf state 
MPIE 
45 
RDRF 
ite (C 
A 


Eo 7 











RDR value ID1 x ID2 x Data 2 
RXI request RXI interrupt handler Own ID, so receiving MPIE bit is set 
(multiprocessor reads RDR dataand_ continues, withdata to 1 again 


interrupt), MPIE =0 clears RDRF flag to0 received by RXI 
interrupt handler 


b. Own ID matches data 








Figure 13-13 Example of SCI Receive Operation (8-Bit Data with Multiprocessor Bit and 
One Stop Bit) 
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13.3.4 Synchronous Operation 


In synchronous mode, the SCI transmits and receives data in synchronization with clock pulses. 
This mode is suitable for high-speed serial communication. 


The SCI transmitter and receiver share the same clock but are otherwise independent, so full 
duplex communication is possible. The transmitter and receiver are also double buffered, so 
continuous transmitting or receiving is possible by reading or writing data while transmitting or 
receiving is in progress. 


Figure 13-14 shows the general format in synchronous serial communication. 





=—_—_——— Transfer direction 
One unit (character or frame) of serial data 


“+ ‘i 
Serial clock | r |_| |_| ea |_| L_| lal] L_| 
B 








Li MSB 


SB 
ito X Bit1 X Bit2 X Bit3 X Bit4 X BitS X Bité X Bit7 fi 
| 


Don’t care Don’t care 





Serial data 





Note: * High except in continuous transmitting or receiving 








Figure 13-14 Data Format in Synchronous Communication 


In synchronous serial communication, each data bit is placed on the communication line from one 
falling edge of the serial clock to the next. Data is guaranteed valid at the rise of the serial clock. 
In each character, the serial data bits are transmitted in order from LSB (first) to MSB (last). After 
output of the MSB, the communication line remains in the state of the MSB. In synchronous mode 
the SCI receives data by synchronizing with the rise of the serial clock. 


Communication Format: The data length is fixed at 8 bits. No parity bit or multiprocessor bit 
can be added. 


Clock: An internal clock generated by the on-chip baud rate generator or an external clock input 
from the SCK pin can be selected by clearing or setting the CKE1 bit in SCR. See table 13-9. 
When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight clock 
pulses are output per transmitted or received character. When the SCI is not transmitting or 
receiving, the clock signal remains in the high state. When the SCI is only receiving, it receives in 
units of two characters, so it outputs 16 clock pulses. To receive in units of one character, an 
external clock source must be selected. 
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Transmitting and Receiving Data 


SCI Initialization (Synchronous Mode): Before transmitting or receiving, clear the TE and 
RE bits to 0 in SCR, then initialize the SCI as follows. 


When changing the communication mode or format, always clear the TE and RE bits to 0 before 
following the procedure given below. Clearing the TE bit to 0 sets the TDRE flag to 1 and 
initializes TSR. Clearing the RE bit to 0, however, does not initialize the RDRF, PER, FER, and 
ORE flags and RDR, which retain their previous contents. 


Figure 13-15 is a sample flowchart for initializing the SCI. 





Start of initialization 
(Start of initialization) 1. Select the clock source in SCR. Clear the RIE, TIE, TEIE, 


MPIE, TE, and RE bits to 0. 
2. Select the communication format in SMR. 
Clear TE and RE 3. Write the value corresponding to the bit rate in BRR. 
bits to 0 in SCR This step is not necessary when an external clock is used. 
4. Wait for at least the interval required to transmit or receive 
one bit, then set the TE or RE bit to 1 in SCR. Also set 

















Set RIE, TIE, TEIE, MPIE, { the RIE, TIE, TEIE, and MPIE bits as necessary. 
CKE1, and CKEO bits in SCR Setting the TE or RE bit enables the SCI to use the 
(leaving TE and RE bits TxD or RxD pin. 
cleared to 0) 
2 





Select communication 
format in SMR 








Set value in BRR 











Wait 











1 bit interval No 
elapsed? 


Yes 








Set TE or RE to 1 in SCR 
Set RIE, TIE, TEIE, and 4 
MPIE bits as necessary 


Start transmitting or receiving 

















Figure 13-15 Sample Flowchart for SCI Initialization 
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Transmitting Serial Data (Synchronous Mode): Figure 13-16 shows a sample flowchart for 
transmitting serial data and indicates the procedure to follow. 








Initialize 1 


Start transmitting } 


a 

















Read TDRE flag in SSR 2 











Yes 





Write transmit data in 
TDR and clear TDRE flag 
to 0in SSR 





















All data 
transmitted? 








Read TEND flag in SSR 














TEND = 1? ue 


Yes 





Clear TE bit to 0 in SCR 














End 


. SCI initialization: the transmit data output function 


of the TxD pin is selected automatically. 


. SCI status check and transmit data write: read SSR, 


check that the TDRE flag is 1, then write transmit 
data in TDR and clear the TDRE flag to 0. 


. To continue transmitting serial data: after checking 


that the TDRE flag is 1, indicating that data can be 
written, write data in TDR, then clear the TDRE flag 
to 0. When the DMAC is activated by a transmit- 
data-empty interrupt request (TXI) to write data in 
TDR, the TDRE flag is checked and cleared 
automatically. 





Figure 13-16 Sample Flowchart for Serial Transmitting 
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In transmitting serial data, the SCI operates as follows. 


The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI 
recognizes that TDR contains new data, and loads this data from TDR into TSR. 


After loading the data from TDR into TSR, the SCI sets the TDRE flag to 1 and starts 
transmitting. If the TIE bit is set to 1 in SCR, the SCI requests a transmit-data-empty interrupt 
(TXD) at this time. 


If clock output is selected, the SCI outputs eight serial clock pulses. If an external clock 
source is selected, the SCI outputs data in synchronization with the input clock. Data is output 
from the TxD pin in order from LSB (bit 0) to MSB (bit 7). 


The SCI checks the TDRE flag when it outputs the MSB (bit 7). If the TDRE flag is 0, the 
SCI loads data from TDR into TSR and begins serial transmission of the next frame. If the 
TDRE flag is 1, the SCI sets the TEND flag to 1 in SSR, and after transmitting the MSB, 
holds the TxD pin in the MSB state. If the TEIE bit in SCR is set to 1, a transmit-end 
interrupt (TEI) is requested at this time. 


After the end of serial transmission, the SCK pin is held in a constant state. 
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Figure 13-17 shows an example of SCI transmit operation. 
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direction 
Serial clock | | i, “| | 
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cat — 
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TEND 7 7 
TXI TX! interrupt handler  TXI TEI 
request writes data in TDR request request 
and clears TDRE 
flag to 0 
1 frame 








Figure 13-17 Example of SCI Transmit Operation 
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Receiving Serial Data: Figure 13-18 shows a sample flowchart for receiving serial data and 
indicates the procedure to follow. When switching from asynchronous mode to synchronous 
mode, make sure that the ORER, PER, and FER flags are cleared to 0. If the FER or PER flag is 
set to | the RDRF flag will not be set and both transmitting and receiving will be disabled. 








Initialize 1 1. SCl initialization: the receive data function of 
the RxD pin is selected automatically. 
2,3. Receive error handling: if a receive error 
Start receiving occurs, read the ORER flag in SSR, then after 
executing the necessary error handling, clear 
the ORER flag to 0. Neither transmitting nor 
Read ORER flag in SSR 2 receiving can resume while the ORER flag 
remains set to 1. 
4. SCl status check and receive data read: read 
Vise SSR, check that the RDRF flag is set to 1, 
ORER = 1? then read receive data from RDR and clear 
3 the RDRFF flag to 0. Notification that the RDRF 


No e Error handling ) flag has changed from 0 to 1 can also be 
given by the RXI interrupt. 


5. To continue receiving serial data: check the 
Read RDRF flag in SSR 4 RDRF flag, read RDR, and clear the RDRF 
flag to 0 before the MSB (bit 7) of the current 
frame is received. If the DMAC is activated 
No by a receive-data-full interrupt request (RXI) 
to read RDR, the RDRF flag is cleared 
automatically. 











oo 



































Yes 





Read receive data 
from RDR, and clear 5 
RDRF flag to 0 in SSR 





















Finished 
receiving? 





Yes 





Clear RE bit to 0 in SCR 














y 
End 








Figure 13-18 Sample Flowchart for Serial Receiving (1) 
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C Error handling ) 











Overrun error handling 








Clear ORER flag to 0 in SSR 


End 














Figure 13-18 Sample Flowchart for Serial Receiving (2) 


In receiving, the SCI operates as follows. 


The SCI synchronizes with serial clock input or output and initializes internally. 
Receive data is stored in RSR in order from LSB to MSB. 


After receiving the data, the SCI checks that the RDRF flag is 0 so that receive data can be 
transferred from RSR to RDR. If this check passes, the RDRF flag is set to 1 and the received 
data is stored in RDR. If the check does not pass (receive error), the SCI operates as indicated 
in table 13-11. 


After setting the RDRF flag to 1, if the RIE bit is set to 1 in SCR, the SCI requests a receive- 
data-full interrupt (RXJ). If the ORER flag is set to 1 and the RIE bit in SCR is also set to 1, 
the SCI requests a receive-error interrupt (ERI). 
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Figure 13-19 shows an example of SCI receive operation. 
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RDRF d 
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ORER ; r 
y dy A 
RXI RXI interrupt handler RXI 
request | reads datain RDR and| request Overrun error, 
clears RDRF flag to 0 ERI request 
~<a =| 
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Figure 13-19 Example of SCI Receive Operation 


Transmitting and Receiving Serial Data Simultaneously (Synchronous Mode): Figure 13-20 
shows a sample flowchart for transmitting and receiving serial data simultaneously and indicates 


the procedure to follow. 
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Initialize 











@ Start transmitting and receiving +) 








| 








Read TDRE flag in SSR 








No 





TDRE = 1? 





Yes 





Write transmit data in TDR and 
clear TDRE flag to 0 in SSR 

















Read ORER flag in SSR 








ORER = 1? 


Yes 











Read RDRPF flag in SSR 


4 











No 





RDRF = 1? 


Yes 








Read receive data from RDR 
and clear RDF flag to 0 in SSR 















End of transmitting and 
receiving? 


Yes 











Clear TE and RE bits to 0 in SCR 








' 


End 


3 


No (. Error handling) 


. SCI initialization: the transmit data 


output function of the TxD pin and 
receive data input function of the 
RxD pin are selected, enabling 
simultaneous transmitting and 
receiving. 


. SCI status check and transmit 


data write: read SSR, check that 
the TDRE flag is 1, then write 
transmit data in TDR and clear 

the TDRE flag to 0. 

Notification that the TDRE flag has 
changed from 0 to 1 can also be 
given by the TXI interrupt. 


. Receive error handling: if a receive 


error occurs, read the ORER flag in 
SSR, then after executing the neces- 
sary error handling, clear the ORER 
flag to 0. 

Neither transmitting nor receiving 
can resume while the ORER flag 
remains set to 1. 


. SCI status check and receive 


data read: read SSR, check that 
the RDRF flag is 1, then read 
receive data from RDR and clear 
the RDRF flag to 0. Notification 
that the RDRF flag has changed 
from 0 to 1 can also be given 

by the RXI interrupt. 


. To continue transmitting and 


receiving serial data: check the 
RDRF flag, read RDR, and clear 
the RDRF flag to 0 before the 
MSB (bit 7) of the current frame 
is received. Also check that 

the TDRE flag is set to 1, indicat- 
ing that data can be written, write 
data in TDR, then clear the TDRE 
flag to 0 before the MSB (bit 7) of 
the current frame is transmitted. 
When the DMAC is activated by 
a transmit-data-empty interrupt 
request (TXI) to write data in TDR, 
the TDRE flag is checked and 
cleared automatically. When the 
DMAC is activated by a receive- 
data-full interrupt request (RXI) to 
read RDR, the RDRF flag is 
cleared automatically. 


Note: * When switching from transmitting or receiving to simultaneous 
transmitting and receiving, clear the TE and RE bits both to 0, 
then set the TE and RE bits both to 1. 





Figure 13-20 Sample Flowchart for Serial Transmitting 
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13.4 SCI Interrupts 


The SCI has four interrupt request sources: TEI (transmit-end interrupt), ERI (receive-error 
interrupt), RXI (receive-data-full interrupt), and TXI (transmit-data-empty interrupt). Table 13-12 
lists the interrupt sources and indicates their priority. These interrupts can be enabled and disabled 
by the TIE, TEIE, and RIE bits in SCR. Each interrupt request is sent separately to the interrupt 
controller. 


The TX] interrupt is requested when the TDRE flag is set to 1 in SSR. The TEI interrupt is 
requested when the TEND flag is set to 1 in SSR. The TX] interrupt request can activate the 
DMAC to transfer data. Data transfer by the DMAC automatically clears the TDRE flag to 0. The 
TEI interrupt request cannot activate the DMAC. 


The RXI interrupt is requested when the RDRF flag is set to 1 in SSR. The ERI interrupt is 
requested when the ORER, PER, or FER flag is set to 1 in SSR. The RXI interrupt request can 
activate the DMAC to transfer data. Data transfer by the DMAC automatically clears the RDRF 
flag to 0. The ERI interrupt request cannot activate the DMAC. 


The DMAC can be activated by interrupts from SCI channel 0. 


Table 13-12 SCI Interrupt Sources 














Interrupt Description Priority 
ERI Receive error (ORER, FER, or PER) High 
RXI Receive data register full (RDRF) 

TXl Transmit data register empty (TDRE) 

TEl Transmit end (TEND) Low 
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13.5 Usage Notes 
Note the following points when using the SCI. 


TDR Write and TDRE Flag: The TDRE flag in SSR is a status flag indicating the loading of 
transmit data from TDR into TSR. The SCI sets the TDRE flag to 1 when it transfers data from 
TDR to TSR. 


Data can be written into TDR regardless of the state of the TDRE flag. If new data is written in 
TDR when the TDRE flag is 0, the old data stored in TDR will be lost because this data has not 
yet been transferred to TSR. Before writing transmit data in TDR, be sure to check that the TDRE 
flag is set to 1. 


Simultaneous Multiple Receive Errors: Table 13-13 indicates the state of SSR status flags when 
multiple receive errors occur simultaneously. When an overrun error occurs the RSR contents are 
not transferred to RDR, so receive data is lost. 


Table 13-13 SSR Status Flags and Transfer of Receive Data 


SSR Status Flags Receive Data 























Transfer 
RDRF ORER FER PER RSR — RDR Receive Errors 
1 1 0 0 x Overrun error 
0 0 1 0 ° Framing error 
0 0 0 1 ° Parity error 
1 1 1 0 x Overrun error + framing error 
1 1 0 1 x Overrun error + parity error 
0 0 1 1 ° Framing error + parity error 
1 1 1 1 x Overrun error + framing error + parity error 





Notes: o: Receive data is transferred from RSR to RDR. 
x Receive data is not transferred from RSR to RDR. 
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Break Detection and Processing: Break signals can be detected by reading the RxD pin directly 
when a framing error (FER) is detected. In the break state the input from the RxD pin consists of 
all Os, so the FER flag is set and the parity error flag (PER) may also be set. In the break state the 
SCI receiver continues to operate, so if the FER flag is cleared to 0 it will be set to 1 again. 


Sending a Break Signal: When the TE bit is cleared to 0 the TxD pin becomes an I/O port, the 
level and direction (input or output) of which are determined by DR and DDR bits. This feature 
can be used to send a break signal. 


After the serial transmitter is initialized, the DR value substitutes for the mark state until the TE 
bit is set to | (the TxD pin function is not selected until the TE bit is set to 1). The DDR and DR 
bits should therefore both be set to 1 beforehand. 


To send a break signal during serial transmission, clear the DR bit to 0, then clear the TE bit to 0. 
When the TE bit is cleared to 0 the transmitter is initialized, regardless of its current state, so the 
TxD pin becomes an output port outputting the value 0. 


Receive Error Flags and Transmitter Operation (Synchronous Mode Only): When a receive 
error flag (ORER, PER, or FER) is set to 1 the SCI will not start transmitting, even if the TDRE 
flag is cleared to 0. Be sure to clear the receive error flags to 0 when starting to transmit. Note that 
clearing the RE bit to 0 does not clear the receive error flags to 0. 


Receive Data Sampling Timing in Asynchronous Mode and Receive Margin: In asynchronous 
mode the SCI operates on a base clock with 16 times the bit rate frequency. In receiving, the SCI 
synchronizes internally with the fall of the start bit, which it samples on the base clock. Receive 
data is latched at the rising edge of the eighth base clock pulse. See figure 13-21. 
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Figure 13-21 Receive Data Sampling Timing in Asynchronous Mode 


The receive margin in asynchronous mode can therefore be expressed as in equation (1). 


1 |D-0.5 | 
M=1(0.5 L—0.5)F LHE) |X 100% worecccceeessseeeee (1) 
| ( ee ( ) = ( )| 6 





: Receive margin (%) 

: Ratio of clock frequency to bit rate (N = 16) 
: Clock duty cycle (D = 0 to 1.0) 

: Frame length (L = 9 to 12) 

: Absolute deviation of clock frequency 


aro = 


From equation (1), if F = 0 and D = 0.5 the receive margin is 46.875%, as given by equation (2). 


D =0.5, F=0 
M = [0.5 — 1/(2 x 16)] x 100% 
AG B16 sek cies NU Ea ate 2 a a aa oR teat (2) 


This is a theoretical value. A reasonable margin to allow in system designs is 20% to 30%. 
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Restrictions on Usage of DMAC 


¢ When an external clock source is used for the serial clock, after the DMAC updates TDR, 
allow an interval of at least five system clock (@) cycles before input of the serial clock to 
start transmitting. If the serial clock is input within four states of the TDR update, a 
malfunction may occur. (See figure 13-22.) 


¢ To have the DMAC read RDR, be sure to select the SCI receive-data-full interrupt (RXI) as 
the activation source with bits DTS2 to DTSO in DTCR. 





















































CK 














X vo X pi X p2 X os X pa X ps X De X D7 X 


ote: In operation with an external clock source, be sure that t > 4 states. 











Figure 13-22 Synchronous Transmission Using DMAC (Example) 
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Section 14 A/D Converter 


14.1 Overview 


The H8/3042 Series includes a 10-bit successive-approximations A/D converter with a selection 
of up to eight analog input channels. 


14.1.1 Features 


A/D converter features are listed below. 


10-bit resolution 
Eight input channels 
Selectable analog conversion voltage range 


The analog voltage conversion range can be programmed by input of an analog reference 
voltage at the Vppr pin. 


High-speed conversion 
Conversion time: maximum 8.4 us per channel (with 16 MHz system clock) 
Two conversion modes 


Single mode: A/D conversion of one channel 
Scan mode: continuous conversion on one to four channels 


Four 16-bit data registers 


A/D conversion results are transferred for storage into data registers corresponding to the 
channels. 


Sample-and-hold function 
A/D conversion can be externally triggered 
A/D interrupt requested at end of conversion 


At the end of A/D conversion, an A/D end interrupt (ADI) can be requested. 
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14.1.2 Block Diagram 


Figure 14-1 shows a block diagram of the A/D converter. 
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Figure 14-1 A/D Converter Block Diagram 
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14.1.3 Input Pins 


Table 14-1 summarizes the A/D converter’s input pins. The eight analog input pins are divided 
into two groups: group 0 (ANop to AN3), and group | (AN, to AN7). AVcc and AV gg are the 
power supply for the analog circuits in the A/D converter. Vppp is the A/D conversion reference 


voltage. 


Table 14-1 A/D Converter Pins 



































Abbrevi- 
Pin Name ation fe) Function 
Analog power supply pin Moc Input Analog power supply 
Analog ground pin AVss Input Analog ground and reference voltage 
Reference voltage pin VREF Input Analog reference voltage 
Analog input pin 0 ANo Input Group 0 analog inputs 
Analog input pin 1 AN, Input 
Analog input pin 2 ANd Input 
Analog input pin 3 AN3 Input 
Analog input pin 4 ANg Input Group 1 analog inputs 
Analog input pin 5 ANs Input 
Analog input pin 6 ANg Input 
Analog input pin 7 AN7 Input 
A/D external trigger input pin ADTRG _~ Input External trigger input for starting A/D conversion 
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14.1.4 Register Configuration 
Table 14-2 summarizes the A/D converter’s registers. 


Table 14-2 A/D Converter Registers 
































Address*1 Name Abbreviation R/W Initial Value 
H'FFEO A/D data register A (high) ADDRAH R H'00 
H'FFE1 A/D data register A (low) ADDRAL R H'00 
H'FFE2 A/D data register B (high) ADDRBH R H'00 
H'FFE3 A/D data register B (low) ADDRBL R H'00 
H'FFE4 A/D data register C (high) ADDRCH R H'00 
H'FFE5 A/D data register C (low) ADDRCL R H'00 
H'FFE6 A/D data register D (high) ADDRDH R H'00 
H'FFE7 A/D data register D (low) ADDRDL R H'00 
H'FFE8 A/D control/status register ADCSR R/(W)*2 H'00 
H'FFE9 A/D control register ADCR R/W H'7E 


Notes: 1. Lower 16 bits of the address 


2. Only 0 can be written in bit 7, to clear the flag. 
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14.2 Register Descriptions 


14.2.1 A/D Data Registers A to D (ADDRA to ADDRD) 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
ADDRn AD9/AD8)AD7|AD6/AD5|AD4/AD3/AD2|}AD1;ADO;} — | — | — | —]|— | — 
Initial value 0 O 0 0 0 0 0 0 0 O 


Read/Write R R R R R R R R RR 
(n =A to D) 





















































Dv oO 
oO 
vO 
Oo 
oO 
Oo 











A/D conversion data Reserved bits 
10-bit data giving an 
A/D conversion result 


The four A/D data registers (ADDRA to ADDRD) are 16-bit read-only registers that store the 
results of A/D conversion. 


An A/D conversion produces 10-bit data, which is transferred for storage into the A/D data 
register corresponding to the selected channel. The upper 8 bits of the result are stored in the 
upper byte of the A/D data register. The lower 2 bits are stored in the lower byte. Bits 5 to 0 of an 
A/D data register are reserved bits that always read 0. Table 14-3 indicates the pairings of analog 
input channels and A/D data registers. 


The CPU can always read and write the A/D data registers. The upper byte can be read directly, 
but the lower byte is read through a temporary register (TEMP). For details see section 14.3, CPU 
Interface. 


The A/D data registers are initialized to H'0000 by a reset and in standby mode. 


Table 14-3 Analog Input Channels and A/D Data Registers 


Analog Input Channel 














Group 0 Group 1 A/D Data Register 
ANo AN, ADDRA 
AN, ANs ADDRB 
ANd ANg ADDRC 
AN3 ANZ ADDRD 
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14.2.2 A/D Control/Status Register (ADCSR) 



































Bit 7 6 5 4 3 2 1 0 
ADF ADIE ADST | SCAN CKS CH2 CH1 CHO 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R/(W)* R/W R/W R/W R/W R/W R/W R/W 


Channel select 2 to 0 
These bits select analog 
input channels 





Clock select 
Selects the A/D conversion time 





Scan mode 
Selects single mode or scan mode 





A/D start 
Starts or stops A/D conversion 





A/D interrupt enable 
Enables and disables A/D end interrupts 


A/D end flag 
Indicates end of A/D conversion 





Note: * Only 0 can be written, to clear the flag. 


ADCSR is an 8-bit readable/writable register that selects the mode and controls the A/D converter. 
ADCSR is initialized to H'00 by a reset and in standby mode. 
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Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion. 








Bit 7 

ADF Description 

0 [Clearing condition] (Initial value) 
Cleared by reading ADF while ADF = 1, then writing 0 in ADF 

1 [Setting conditions] 


Single mode: A/D conversion ends 
Scan mode: A/D conversion ends in all selected channels 





Bit 6—A/D Interrupt Enable (ADIE): Enables or disables the interrupt (ADI) requested at the 
end of A/D conversion. 








Bit 6 

ADIE Description 

0 A/D end interrupt request (ADI) is disabled (Initial value) 
1 A/D end interrupt request (ADI) is enabled 


Bit 5—A/D Start (ADST): Starts or stops A/D conversion. The ADST bit remains set to 1 during 
A/D conversion. It can also be set to 1 by external trigger input at the ADTRG pin. 





Bit5 

ADST Description 

0 A/D conversion is stopped (Initial value) 

1 Single mode: A/D conversion starts; ADST is automatically cleared to 0 when conversion 
ends. 


Scan mode: A/D conversion starts and continues, cycling among the selected channels, 
until ADST is cleared to 0 by software, by a reset, or by a transition to standby mode. 
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Bit 4H—Scan Mode (SCAN): Selects single mode or scan mode. For further information on 
operation in these modes, see section 14.4, Operation. Clear the ADST bit to 0 before switching 
the conversion mode. 





Bit 4 

SCAN Description 

0 Single mode (Initial value) 
1 Scan mode 





Bit 3—Clock Select (CKS): Selects the A/D conversion time. Clear the ADST bit to 0 before 
switching the conversion time. 








Bit 3 

CKS Description 

0 Conversion time = 266 states (maximum) (Initial value) 
1 Conversion time = 134 states (maximum) 


Bits 2 to 0O—Channel Select 2 to 0 (CH2 to CHO): These bits and the SCAN bit select the analog 
input channels. Clear the ADST bit to 0 before changing the channel selection. 


























Group 
Selection Channel Selection Description 
CH2 CH1 CHO Single Mode Scan Mode 
0 0 0 ANp (Initial value) ANo 
1 AN, ANo, AN, 
1 0 AN> ANo to AN> 
1 AN ANo to ANs 
1 0 0 AN, AN, 
1 ANs AN,, ANs 
1 0 ANg AN, to ANg 
1 AN, AN, to AN7 
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14.2.3 A/D Control Register (ADCR) 



































Bit 7 6 5 4 3 2 Al 0 
TRGE — — — = a 2 = 

Initial value 0 1 1 1 1 1 1 1 

Read/Write R/W _ — — = — = = 





Reserved bits 


Trigger enable 
Enables or disables external triggering of A/D conversion 


ADCR is an 8-bit readable/writable register that enables or disables external triggering of A/D 
conversion. ADCR is initialized to H'7F by a reset and in standby mode. 


Bit 7—Trigger Enable (TRGE): Enables or disables external triggering of A/D conversion. 








Bit 7 

TRGE Description 

0 A/D conversion cannot be externally triggered (Initial value) 
1 A/D conversion starts at the falling edge of the external trigger signal (ADTRG) 





Bits 6 to 0O—Reserved: Read-only bits, always read as 1. 
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14.3 CPU Interface 


ADDRA to ADDRD are 16-bit registers, but they are connected to the CPU by an 8-bit data bus. 
Therefore, although the upper byte can be be accessed directly by the CPU, the lower byte is read 
through an 8-bit temporary register (TEMP). 


An A/D data register is read as follows. When the upper byte is read, the upper-byte value is 
transferred directly to the CPU and the lower-byte value is transferred into TEMP. Next, when the 
lower byte is read, the TEMP contents are transferred to the CPU. 


When reading an A/D data register, always read the upper byte before the lower byte. It is possible 
to read only the upper byte, but if only the lower byte is read, incorrect data may be obtained. 


Figure 14-2 shows the data flow for access to an A/D data register. 





Upper-byte read 





Module data bus 




















CPU F 
(H'AA) Bus interface 
TEMP 
(H'40) 
ADDRnH ADDRnL 
(H'AA) (H'40) 
(n =A to D) 














Lower-byte read 





Module data bus 


























CPU : 
(H'40) Bus interface 
TEMP 
(H'40) 
ADDRnH ADDRnL 
(H'AA) (H'40) 
(n =A to D) 











Figure 14-2 A/D Data Register Access Operation (Reading H'AA40) 
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14.4 Operation 


The A/D converter operates by successive approximations with 10-bit resolution. It has two 
operating modes: single mode and scan mode. 


14.4.1 Single Mode (SCAN = 0) 


Single mode should be selected when only one A/D conversion on one channel is required. A/D 
conversion starts when the ADST bit is set to 1 by software, or by external trigger input. The 
ADST bit remains set to | during A/D conversion and is automatically cleared to 0 when 
conversion ends. 


When conversion ends the ADF bit is set to 1. If the ADIE bit is also set to 1, an ADI interrupt is 
requested at this time. To clear the ADF flag to 0, first read ADCSR, then write 0 in ADF. 


When the mode or analog input channel must be switched during analog conversion, to prevent 
incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After making 
the necessary changes, set the ADST bit to | to start A/D conversion again. The ADST bit can be 
set at the same time as the mode or channel is changed. 


Typical operations when channel 1 (AN)) is selected in single mode are described next. 
Figure 14-3 shows a timing diagram for this example. 


1. Single mode is selected (SCAN = 0), input channel AN; is selected (CH2 = CH1 = 0, 
CHO = 1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started 
(ADST = 1). 


2. When A/D conversion is completed, the result is transferred into ADDRB. At the same time 
the ADF flag is set to 1, the ADST bit is cleared to 0, and the A/D converter becomes idle. 


3. Since ADF = | and ADIE = 1, an ADI interrupt is requested. 

4. The A/D interrupt handling routine starts. 

5. The routine reads ADCSR, then writes 0 in the ADF flag. 

6. The routine reads and processes the conversion result (ADDRB). 


7. Execution of the A/D interrupt handling routine ends. After that, if the ADST bit is set to 1, 
A/D conversion starts again and steps 2 to 7 are repeated. 
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Note: * Vertical arrows (}) indicate instructions executed by software. 





14.4.2 Scan Mode (SCAN = 1) 


Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the 
ADST bit is set to 1 by software or external trigger input, A/D conversion starts on the first 
channel in the group (ANj when CH2 = 0, ANy when CH2 = 1). When two or more channels are 
selected, after conversion of the first channel ends, conversion of the second channel (AN, or 
ANS) starts immediately. A/D conversion continues cyclically on the selected channels until the 
ADST bit is cleared to 0. The conversion results are transferred for storage into the A/D data 
registers corresponding to the channels. 


When the mode or analog input channel selection must be changed during analog conversion, to 
prevent incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After 
making the necessary changes, set the ADST bit to 1. A/D conversion will start again from the 
first channel in the group. The ADST bit can be set at the same time as the mode or channel 
selection is changed. 


Typical operations when three channels in group 0 (ANo to AN>) are selected in scan mode are 
described next. Figure 14-4 shows a timing diagram for this example. 


1. Scan mode is selected (SCAN = 1), scan group 0 is selected (CH2 = 0), analog input channels 
ANpo to AN> are selected (CH1 = 1, CHO = 0), and A/D conversion is started (ADST = 1). 


2. When A/D conversion of the first channel (ANjp) is completed, the result is transferred into 
ADDRA. Next, conversion of the second channel (AN}) starts automatically. 


3. Conversion proceeds in the same way through the third channel (AN,). 


4. When conversion of all selected channels (ANjp to AN>) is completed, the ADF flag is set to 1 
and conversion of the first channel (AN) starts again. If the ADIE bit is set to 1, an ADI 
interrupt is requested at this time. 


5. Steps 2 to 4 are repeated as long as the ADST bit remains set to 1. When the ADST bit is 
cleared to 0, A/D conversion stops. After that, if the ADST bit is set to 1, A/D conversion 
starts again from the first channel (ANo). 
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14.4.3 Input Sampling and A/D Conversion Time 


The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog 
input at a time tp after the ADST bit is set to 1, then starts conversion. Figure 14-5 shows the A/D 
conversion timing. Table 14-4 indicates the A/D conversion time. 


As indicated in figure 14-5, the A/D conversion time includes tp and the input sampling time. The 
length of tp varies depending on the timing of the write access to ADCSR. The total conversion 
time therefore varies within the ranges indicated in table 14-4. 


In scan mode, the values given in table 14-4 apply to the first conversion. In the second and 
subsequent conversions the conversion time is fixed at 256 states when CKS = 0 or 128 states 
when CKS = 1. 
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(1): | ADCSR write cycle 
(2): | ADCSR address 

tp: | Synchronization delay 
tsp_: Input sampling time 
tconv: A/D conversion time 








Figure 14-5 A/D Conversion Timing 
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Table 14-4 A/D Conversion Time (Single Mode) 











CKS =0 CKS =1 
Symbol Min Typ Max Min Typ Max 
Synchronization delay tp 10 _— 17 6 —_ 9 
Input sampling time tspL _ 80 = — 40 — 
A/D conversion time tconv 259 — 266 131 — 134 





Note: Values in the table are numbers of states. 


14.4.4 External Trigger Input Timing 


A/D conversion can be externally triggered. When the TRGE bit is set to 1 in ADCR, external 
trigger input is enabled at the ADTRG pin. A high-to-low transition at the ADTRG pin sets the 
ADST bit to 1 in ADCSR, starting A/D conversion. Other operations, in both single and scan 
modes, are the same as if the ADST bit had been set to 1 by software. Figure 14-6 shows the 
timing. 
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A/D conversion 














Figure 14-6 External Trigger Input Timing 
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14.5 Interrupts 


The A/D converter generates an interrupt (ADJ) at the end of A/D conversion. The ADI interrupt 
request can be enabled or disabled by the ADIE bit in ADCSR. 


14.6 Usage Notes 
When using the A/D converter, note the following points: 


Analog Input Voltage Range: During A/D conversion, the voltages input to the analog input pins 
AN,, should be in the range AVgg S AN, S Vrgp. (n = 0 to 7) 


AVcc and AVgg Input Voltages: AVsx should have the following value: AVgs = Vgs. 
If the A/D converter is not used, the values should be AVoc = Vcc and AVgg = Vgg. 


Vrer Input Range: The analog reference voltage input at the Vppr pin should be in the range 
Vrer < AVcc. If the A/D converter is not used, the value should be Vperr = Vcc. 
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Section 15 D/A Converter 


15.1 Overview 

The H8/3042 Series includes a D/A converter with two channels. 
15.1.1 Features 

D/A converter features are listed below. 


e  Eight-bit resolution 

¢ ‘Two output channels 

¢ Conversion time: maximum 10 us (with 20-pF capacitive load) 
* Output voltage: 0 V to Vygp 


15.1.2 Block Diagram 


Figure 15-1 shows a block diagram of the D/A converter. 








On-chip 


Module data bus data bus 





Bus interface 

















VREF 





AVog ———*] 


DAy ~——|_  8-bit D/A 


DADRO 
DADR1 
DACR 


DA, =~— 


























U 





Control circuit 








Legend 

DACR: D/A control register 
DADRO: D/A data register 0 
DADR1: D/A data register 1 














Figure 15-1 D/A Converter Block Diagram 
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15.1.3 Input/Output Pins 


Table 15-1 summarizes the D/A converter’s input and output pins. 


Table 15-1 D/A Converter Pins 

















Pin Name Abbreviation I/O Function 

Analog power supply pin AVcc Input Analog power supply 

Analog ground pin AVsg Input Analog ground and reference voltage 
Analog output pin 0 DAo Output Analog output, channel 0 

Analog output pin 1 DA, Output Analog output, channel 1 

Reference voltage input pin Vref Input Reference voltage input 


15.1.4 Register Configuration 


Table 15-2 summarizes the D/A converter’s registers. 


Table 15-2 D/A Converter Registers 











Address* Name Abbreviation R/W Initial Value 
H'FFDC D/A data register 0 DADRO R/W H'00 
H'FFDD D/A data register 1 DADR1 R/W H'00 
H'FFDE D/A control register DACR R/W H'1F 





Note: * Lower 16 bits of the address 
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15.2 Register Descriptions 


15.2.1 D/A Data Registers 0 and 1 (DADRO/1) 



































Bit 7 6 5 4 3 2 1 0 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 


The D/A data registers (DADRO and DADR1) are 8-bit readable/writable registers that store the 
data to be converted. When analog output is enabled, the D/A data register values are constantly 
converted and output at the analog output pins. 


The D/A data registers are initialized to H'00 by a reset and in standby mode. 


15.2.2 D/A Control Register (DACR) 






































Bit 7 6 5 4 3 2 1 0 
DAOE1 | DAOEO| DAE — — = = = 
Initial value 0 0 0 1 1 1 1 1 
Read/Write R/W R/W R/W — —_— —_ — = 
‘_—— D/A enable 





Controls D/A conversion 








D/A output enable 0 
Controls D/A conversion and analog output 








D/A output enable 1 
Controls D/A conversion and analog output 


DACR is an 8-bit readable/writable register that controls the operation of the D/A converter. DACR 
is initialized to H'1F by a reset and in standby mode. 


523 


Bit 7—D/A Output Enable 1 (DAOE1): Controls D/A conversion and analog output. 








Bit 7 

DAOE1 Description 

0 DA, analog output is disabled 

1 Channel-1 D/A conversion and DA, analog output are enabled 


Bit 6—D/A Output Enable 0 (DAOEO): Controls D/A conversion and analog output. 





Bit 6 

DAOEO Description 

0 DAg analog output is disabled 

1 Channel-0 D/A conversion and DAg analog output are enabled 





Bit 5—D/A Enable (DAE): Controls D/A conversion, together with bits DAOEO and DAOE1. 
When the DAE bit is cleared to 0, analog conversion is controlled independently in channels 0 
and 1. When the DAE bit is set to 1, analog conversion is controlled together in channels 0 and 1. 
Output of the conversion results is always controlled independently by DAOEO and DAOE1. 


Bit 7 Bit 6 Bit 5 
DAOE1 DAOEO DAE Description 


0 0 —_— D/A conversion is disabled in channels 0 and 1 





0 1 0 D/A conversion is enabled in channel 0 


D/A conversion is disabled in channel 1 





0 1 1 D/A conversion is enabled in channels 0 and 1 





1 0 0 D/A conversion is disabled in channel 0 


D/A conversion is enabled in channel 1 





1 0 1 D/A conversion is enabled in channels 0 and 1 





1 1 _— D/A conversion is enabled in channels 0 and 1 


When the DAE bit is set to 1, even if bits DAOEO and DAOE1 in DACR and the ADST bit in 
ADCSR are cleared to 0, the same current is drawn from the analog power supply as during A/D 
and D/A conversion. 


Bits 4 to 0O—Reserved: Read-only bits, always read as 1. 
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15.3. Operation 


The D/A converter has two built-in D/A conversion circuits that can perform conversion 
independently. 


D/A conversion is performed constantly while enabled in DACR. If the DADRO or DADR1 value 
is modified, conversion of the new data begins immediately. The conversion results are output 
when bits DAOEO and DAOE! are set to 1. 


An example of D/A conversion on channel 0 is given next. Timing is indicated in figure 15-2. 
1. Data to be converted is written in DADRO. 


2. Bit DAOEDO is set to 1 in DACR. D/A conversion starts and DAg becomes an output pin. The 
converted result is output after the conversion time. The output value is (DADRO contents/256) 
xX Vpgr- Output of this conversion result continues until the value in DADRO is modified or the 
DAOEO bit is cleared to 0. 


3. Ifthe DADRO value is modified, conversion starts immediately, and the result is output after 
the conversion time. 


4. When the DAOEO bit is cleared to 0, DAy becomes an input pin. 
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write cycle write cycle write cycle write cycle 
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Legend 


tpconv: D/A conversion time 











Figure 15-2 Example of D/A Converter Operation 
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Section 16 RAM 


16.1 Overview 


The H8/3042 Series has 2 kbytes of on-chip static RAM. The RAM is connected to the CPU by a 
16-bit data bus. The CPU accesses both byte data and word data in two states, making the RAM 
suitable for rapid data transfer. 


The on-chip RAM is assigned to addresses H'FF710 to H'FFFOF in modes 1, 2, 5, and 7, addresses 
H'FFF710 to H'FFFFOF in modes 3 and 4, and addresses H'F710 to H'FFOF in mode 6. The RAM 
enable bit (RAME) in the system control register (SYSCR) can enable or disable the on-chip RAM. 


16.1.1 Block Diagram 


Figure 16-1 shows a block diagram of the on-chip RAM. 








On-chip data bus (upper 8 bits) > 








On-chip data bus (lower 8 bits) oS 

















Bus interface 



































H'F710* H'F711* 
H'F712* H'F713* 
ay On-chip RAM ey 
H'FFOE* H'FFOF* 
Even addresses Odd addresses 


Note: * Address in mode 6; lower 16 bits of the address in other modes. 











Figure 16-1 RAM Block Diagram 
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16.1.2 Register Configuration 


The on-chip RAM is controlled by SYSCR. Table 16-1 gives the address and initial value of 
SYSCR. 


Table 16-1 System Control Register 


Address* Name Abbreviation R/W Initial Value 





H'FFF2 System control register SYSCR R/W H'0B 





Note: * Lower 16 bits of the address. 
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16.2 System Control Register (SYSCR) 






































Bit 7 6 5 4 3 2 1 0 
SSBY STS2 STS1 STSO UE NMIEG — RAME 

Initial value 0 0 0 0 1 0 1 1 

Read/Write R/W R/W R/W R/W R/W R/W — R/W 
RAM enable bit 
Enables or 
disables 
on-chip RAM 





Software standby 








Standby timer select 2 to 0 





Reserved bit 


NMI edge select 
User bit enable 


One function of SYSCR is to enable or disable access to the on-chip RAM. The on-chip RAM is 
enabled or disabled by the RAME bit in SYSCR. For details about the other bits, see section 3.3, 


System Control Register. 


Bit 0O—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is initialized 
at the rising edge of the input at the RES pin. It is not initialized in software standby mode. 





Bit 0 

RAME Description 

0 On-chip RAM is disabled 

1 On-chip RAM is enabled (Initial value) 
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16.3 Operation 


When the RAME bit is set to 1, accesses to addresses H'FF710 to H'FFFOF in modes 1, 2, 5, and 7, 
addresses H'FFF710 to H'FFFFOF in modes 3 and 4, and addresses H'F710 to H'FFOF in mode 6 are 
directed to the on-chip RAM. In modes | to 5 (expanded modes), when the RAME bit is cleared to 
0, the off-chip address space is accessed. In modes 6 and 7 (single-chip modes), when the RAME 
bit is cleared to 0, the on-chip RAM is not accessed: write access is ignored, and read access always 
returns H'FF. 


Since the on-chip RAM is connected to the CPU by an internal 16-bit data bus, it can be written and 
read by word access. It can also be written and read by byte access. Byte data is accessed in two 
states using the upper 8 bits of the data bus. Word data starting at an even address is accessed in 
two states using all 16 bits of the data bus. 
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Section 17 ROM 


17.1 Overview 


The H8/3042 has 64 kbytes of on-chip ROM, the H8/3041 has 48 kbytes, and the H8/3040 has 
32 kbytes. The ROM is connected to the CPU by a 16-bit data bus. The CPU accesses both byte 


data and word data in two states, enabling rapid data transfer. 


The mode pins (MD, to MD) can be set to enable or disable the on-chip ROM as indicated in 


|table 17-1. 


Table 17-1 Operating Mode and ROM 























Mode Pins 
Mode MD, MD, MDy On-Chip ROM 
Mode 1 (1-Mbyte expanded mode with on-chip ROM disabled) 0 0 1 Disabled 
Mode 2 (1-Mbyte expanded mode with on-chip ROM disabled) 0 1  O Seana 
Mode 3 (16-Mbyte expanded mode with on-chip ROM disabled) 0 1 1 
Mode 4 (16-Mbyte expanded mode with on-chip ROM disabled) 1 0 0 
Mode 5 (1-Mbyte expanded mode with on-chip ROM enabled) 1 0 1 Enabled 
Mode 6 (single-chip normal mode) 1 1 0 
Mode 7 (single-chip advanced mode) 1 1 1 





The PROM version of the H8/3042 can be set to PROM mode and programmed with a general- 


purpose PROM programmer. 
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17.1.1 Block Diagram 


Figure 17-1 shows a block diagram of the ROM. 








On-chip data bus (upper 8 bits) 








< On-chip data bus (lower 8 bits) 

















H'0000 H'0001 





H'0002 H'0003 








On-chip ROM 











H'FFFE H'FFFF 








Even addresses Odd addresses 








Figure 17-1 ROM Block Diagram (H8/3042) 
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17.2 PROM Mode 
17.2.1 PROM Mode Setting 


In PROM mode, the H8/3042 version with on-chip PROM suspends its microcontroller functions, 
enabling the on-chip PROM to be programmed. The programming method is the same as for the 
HN27C101, except that page programming is not supported. Table 17-2 indicates how to select 
PROM mode. 


Table 17-2 Selecting PROM Mode 








Pins Setting 
Three mode pins (MDs, MD;, MDp) Low 
STBY pin 

P5, and P5p High 


17.2.2 Socket Adapter and Memory Map 


The PROM is programmed using a general-purpose PROM programmer with a socket adapter to 
convert to 32 pins. Table 17-3 lists the socket adapter for each package option. Figure 17-2 shows 
the pin assignments of the socket adapter. Figure 17-3 shows a memory map in PROM mode. 


Table 17-3 Socket Adapter 


Microcontroller Package Socket Adapter 
H8/3042 100-pin QFP (FP-100B) HS3042ESH01H 
100-pin TQFP (TFP-100B) HS3042ESNO01H 








The size of the H8/3042 PROM is 64 kbytes. Figure 17-3 shows a memory map in PROM mode. 
H'FF data should be specified for unused address areas in the on-chip PROM. 


When programming the H8/3042 with a PROM programmer, set the address range to H'0000 to 
H'FFFF and specify H'FF data for addresses H'10000 and up. If H'10000 and higher addresses are 
programmed by mistake, it may become impossible to program or verify the PROM. Attempts to 
program in page-programming mode may have the same result. 
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H8/3042 PROM Socket 










































































































































































































































































































































































FP-100B, TFP-100B | Pin Pin | HN27C101 (32 Pins) 
10 RESO | | | | Vpp 1 
64 NMI | : | | EAg 26 
58 P65 | | EAts 3 
87 P89 ' | Eads 2 
88 P8, | | : | PGM 31 
27 P39 : | EOg 13 
28 P3, | | EO, 14 
29 P3, : | EO, 15 
30 P3, |: : | EO, 17 
31 P34 EO, 18 
32 P35 | | | | EOs 19 
33 P36 i | EO. 20 
34 P3, | | | | EO, 21 
36 Pt EA 12 
37 Pt, | | EA, 1" 
38 Plo EA> 10 
39 Pi, | | EA3 9 
40 Pla |} | EAy 8 
At P15 | | EAs 7 
42 Pte | : | | EAs 6 
43 Pi, | | EA; 5 
45 P2) | : | | EAs 27 
46 P2, OE 24 
47 P2, EAio 23 
48 P2, ' | BAY 25 
49 P2, | } | [EA 4 
50 P2, ! | EAyg 28 
51 P2, | | | | EAdg 29 
52 P2, CE 22 
53 P5,_ | | : Mes 32 
54 P5, +4 
77 VREF ————F 
76 AVoc ———4 

1 Voc ee | 
35 Voc 4 
68 Voc : | 
73 MDy_| | ’ 1 | Veg 16 
74 MD, + 
75 MD2 fe 
62 STBY | '—————-+ 
- ae jh Legend 
' Vpp: Programming voltage (12.5 V) 
22 Vss 7-4 EO; to EQ): Data input/output 
44 Vss Fh EAjg to EAg: Address input 
57 Vss = =a OE: Output enable 
65 Vss ——? CE: Chip enable 
92 Vss }—_] PGM: Program 





Note: Pins not shown in this diagram should be left open. 





Figure 17-2 Socket Adapter Pin Assignments 
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Address in Address in 





MCU mode PROM mode 
H'0000 H'0000 
On-chip PROM 
H'FFFF H'FFFF 








| 
| 
| 
| 
| 
Missing area* 
| 
| 
| 
| 
| 


proccccccccce 


H'1 FFFF H'1 FFFF 


Note: * If read in PROM mode, this area returns H'FF output data. 





Figure 17-3 H8/3042 Memory Map in PROM Mode 
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17.3 Programming 
Table 17-4 indicates how to select the program, verify, and other modes in PROM mode. 


Table 17-4 Mode Selection in PROM Mode 











Pins 
Mode CE OE PGM_ Vpp Vec EO7 to EO EA,4 to EAy 
Program Vpp Voc Data input Address input 
Verify Vpp Vec Data output Address input 





Program inhibited Vpp Vec High impedance Address input 











os ee 
oO a aU 
oe ee 





Legend 

L: Low voltage level 
H: — High voltage level 
Vpp: Vpp voltage level 
Voc: Vcc voltage level 


Read/write specifications are the same as for the standard HN27C101 EPROM, except that page 
programming is not supported. Do not select page programming mode. A PROM programmer that 
supports only page-programming mode cannot be used. When selecting a PROM programmer, 
check that it supports a byte-at-a-time high-speed programming mode. Be sure to set the address 
range to H'0000 to H'FFFF. 


17.3.1 Programming and Verification 


An efficient, high-speed programming procedure can be used to program and verify PROM data. 
This procedure programs the chip quickly without subjecting it to voltage stress and without 
sacrificing data reliability. Unused address areas contain H'FF data. Figure 17-4 shows the basic 
high-speed programming flowchart. Tables 7-5 and 17-6 list the electrical characteristics of the chip 
during programming. Figure 17-5 shows a timing chart. 
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( Start ) 








Set programming/verification mode 


Voc = 6.0 V £0.25 V, Vpp = 12.5 V +0.3 V 








Address = 0 











Yes 











n+13on 





No 














Verification OK? 


No 
an 2 Program with tpy = 0.2 ms +5% 








Last address? 


Yes 


Program with t opw = 0.2n ms 





No 





Address + 1 — address 














Set read mode 


Voc = 5.0 V +0.25 V, Vpp = Voc 














No 
All addresses 
read? 


Yes 








Figure 17-4 High-Speed Programming Flowchart 
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Table 17-5 DC Characteristics 


—Preliminary— 


(Conditions: Voc = 6.0 V £0.25 V, Vpp = 12.5 V 40.3 V, Vgg = 0 V, T, = 25°C 45°C) 























Item Symbol Min Typ Max Unit Test Conditions 
Input high EO7 to EOo, Vin 24 — Voo+03 V 
voltage EA16 to EAo, 

OE, CE, PGM 
Input low EO; to EOo, Vit 03 — 08 Vv 
voltage EA, to EAo, 

OE, CE, PGM 
Output high EO7 to EO Vou 24 Vv loy = —200 LA 
voltage 
Output low EO7 to EO, VoL — — 0.45 Vv lo, = 1.6 mA 
voltage 
Input leakage EO7 to EOo, hl —- — 2 yA Vin = 5.25 V/0.5 V 
current EA1¢ to EAo, 

OE, CE, PGM 
Voc current loc — — 40 mA 
Vpp Current Ipp — — 40 mA 


538 


Table 17-6 AC Characteristics 


(Conditions: Vcc = 6.0 V +0.25 V, Vpp = 12.5 V +0.3 V, T, = 25°C #5°C) 






































Item Symbol Min Typ Max Unit Test Conditions 
Address setup time tas 2 — — Us Figure 17-5*1 
OE setup time toes 2 _ = Us 

Data setup time tps 2 — = Us 

Address hold time tay 0 _ — Us 

Data hold time too 2 _ — Us 

Data output disable time tor“? — = 130 ns 

Vpp setup time tvps 2 = = Us 

Programming pulse width tpw 0.19 0.20 0.21 ms 

PGM pulse width for overwrite topw’? 0.19 — 5.25 ms 

programming 

Voc setup time tvcs 2 _ = Us 

CE setup time tces 2 — —_ Us 

Data output delay time tog 0 — 150 ns 





Notes: 1. Input pulse level: 0.8 V to 2.2 V 
Input rise time and fall time < 20 ns 
Timing reference levels: 1.0 V and 2.0 V for input; 0.8 V and 2.0 V for output 
2. tpg is defined at the point where the output is in the open state and the output level 
cannot be read. 
3. topw is defined by the value given in the flowchart. 
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Program Verify 























Address 
tas wall 
K. 
Data — Input data d { Outputdata |-—— 
tos tbH | 
Vpp 
Vpp 
Voc SA tvps 
V Voc*! 
ee Vn. —/| tvces 
cc : 7 





CE 





tces 





PGM 














Lew toes toe 
~<a | = | 


| topw* 
<i) 








OE 














Note: * topw is defined by the value given in the flowchart. 





Figure 17-5 PROM Program/Verify Timing 
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17.3.2 Programming Precautions 


Program with the specified voltages and timing. 
The programming voltage (Vpp) in PROM mode is 12.5 V. 


Applied voltages in excess of the rated values can permanently destroy the chip. Be 
particularly careful about the PROM programmer’s overshoot characteristics. 


If the PROM programmer is set to Hitachi HN27C101 specifications, Vpp will be 12.5 V. 


Before programming, check that the chip is correctly mounted in the PROM programmer. 
Overcurrent damage to the chip can result if the index marks on the PROM programmer, 
socket adapter, and chip are not correctly aligned. 


Don’t touch the socket adapter or chip while programming. Touching either of these can cause 
contact faults and write errors. 


Select the programming mode carefully. The chip cannot be programmed in page programming 
mode. 


The H8/3042 PROM size is 64 kbytes. Set the address range to H'0000 to H'FFFF. When 
programming, assign H'FF data to the unused address area (H'10000 to H'1FFFF). 
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17.4 Reliability of Programmed Data 


A highly effective way to improve data retention characteristics is to bake the programmed chips at 
150°C, then screen them for data errors. This procedure quickly eliminates chips with PROM 
memory cells prone to early failure. 


Figure 17-6 shows the recommended screening procedure. 








Program chip and verify programmed data 


; 


Bake chip for 24 to 48 hours at 
125°C to 150°C with power off 


Read and check program 























Install 








Figure 17-6 Recommended Screening Procedure 


If a series of programming errors occurs while the same PROM programmer is in use, stop 
programming and check the PROM programmer and socket adapter for defects. Please inform 
Hitachi of any abnormal conditions noted during or after programming or in screening of program 
data after high-temperature baking. 
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Section 18 Clock Pulse Generator 


18.1 Overview 


The H8/3042 Series has a built-in clock pulse generator (CPG) that generates the system clock (@) 
and other internal clock signals (¢/2 to 6/4096). The clock pulse generator consists of an oscillator 
circuit, a duty adjustment circuit, and prescalers. 


18.1.1 Block Diagram 


Figure 18-1 shows a block diagram of the clock pulse generator. 















































op Una a fee oor Saw as Sst TORE EP SoS eae ca 1st Rea Os eee eee CPG --------------: 
XTAL_ ——> Duty 
Oscillator adjustment Prescalers 
EXTAL circuit 
(a) g/2 to 2/4096 








Figure 18-1 Block Diagram of Clock Pulse Generator 
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18.2 Oscillator Circuit 


Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock 
signal. 


18.2.1 Connecting a Crystal Resonator 


Circuit Configuration: A crystal resonator can be connected as in the example in figure 18-2. 
The damping resistance Rd should be selected according to table 18-1. An AT-cut parallel- 
resonance crystal should be used. 








EXTAL ° | 


























XTAL_ |-\\\—* 


Rd Clo Ti Ci 4=Clo = 10 pF to 22 pF 











Figure 18-2 Connection of Crystal Resonator (Example) 


Table 18-1 Damping Resistance Value 


Frequency (MHz) 2 4 8 10 12 16 
Rd (Q) 1k 500 200 0 0 0 





Crystal Resonator: Figure 18-3 shows an equivalent circuit of the crystal resonator. The crystal 
resonator should have the characteristics listed in table 18-2. 








XTAL ——_—_* ¢——> EXTAL 











| 
: AT-cut parallel-resonance type 








Figure 18-3 Crystal Resonator Equivalent Circuit 
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Table 18-2 Crystal Resonator Parameters 





Frequency (MHz) 2 4 8 10 12 16 
Rs max (Q) 500 120 80 70 60 50 
Co (pF) 7 pF max 


Use a crystal resonator with a frequency equal to the system clock frequency (@). 


Notes on Board Design: When a crystal resonator is connected, the following points should be 
noted: 


Other signal lines should be routed away from the oscillator circuit to prevent induction from 
interfering with correct oscillation. See figure 18-4. 


When the board is designed, the crystal resonator and its load capacitors should be placed as close 
as possible to the XTAL and EXTAL pins. 



































Avoid ———— SignalA Signal B 
Cie H8/3042 Series 
° XTAL 
TIT 
| ‘ ! : EXTAL 
TIT 
Cu 

















Figure 18-4 Example of Incorrect Board Design 
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18.2.2 External Clock Input 


Circuit Configuration: An external clock signal can be input as shown in the examples in 
figure 18-5. In example b, the clock should be held high in standby mode. 


If the XTAL pin is left open, the stray capacitance should not exceed 10 pF. 








EXTAL }-——__- External clock input 




















XTAL |} Open 





a. XTAL pin left open 





EXTAL External clock input 




















XTAL 74HC04 





b. Complementary clock input at XTAL pin 








Figure 18-5 External Clock Input (Examples) 
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External Clock: The external clock frequency should be equal to the system clock frequency (@). 
Table 18-3 and figure 18-6 indicate the clock timing. 


Table 18-3 Clock Timing 


















































Vec 
2.7Vto5.5V Vec = 5.0 V + 10% 
Item Symbol Min Max Min Max Unit Test Conditions 
External clock input tex, 40 — 20 — ns __ Figure 18-6 
low pulse width 
External clock input texy 40 _ 20 —_ ns 
high pulse width 
External clock rise tex; _ 10 _— 5 ns 
time 
External clock fall texe _ 10 — 5 ns 
time 
Clock low pulse to 0.4 0.6 0.4 0.6 teye 925MHz Figure 
wen = 80 = ns 9<5MHz 20-4 
Clock high pulse tou 0.4 0.6 0.4 0.6 tye 9 25 MHz 
win 80 — 80 — ns 9 <5MHz 
teEXH text 
~~ =a | 
EXTAL Weekes 
h- texr > text 
Figure 18-6 External Clock Input Timing 
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18.3 Duty Adjustment Circuit 


When the oscillator frequency is 5 MHz or higher, the duty adjustment circuit adjusts the duty 
cycle of the clock signal from the oscillator to generate the system clock (). 


18.4 Prescalers 


The prescalers divide the system clock (@) to generate internal clocks (4/2 to ¢/4096). 
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Section 19 Power-Down State 


19.1 Overview 


The H8/3042 Series has a power-down state that greatly reduces power consumption by halting 
CPU functions. The power-down state includes the following three modes: 


e« Sleep mode 
¢ Software standby mode 
e Hardware standby mode 


Table 19-1 indicates the methods of entering and exiting these power-down modes and the status 
of the CPU and on-chip supporting modules in each mode. 


Table 19-1 Power-Down State 











State 

Entering CPU Refresh Supporting vO Exiting 
Mode Conditions Clock CPU _ Registers DMAC Controller Functions RAM Ports Conditions 
Sleep SLEEP instruc- Active Halted Held Active Active Active Held Held + Interrupt 
mode tion executed * RES 

while SSBY = 0 * STBY 

in SYSCR 
Software SLEEP instruc- Halted Halted Held Halted Halted Halted Held Held «NMI 
standby _ tion executed and and and + IRQo to IRQ2 
mode while SSBY = 1 reset held*! reset «RES 

in SYSCR * STBY 
Hardware Low input at Halted Halted Undeter- Halted Halted Halted Held*2 High + STBY 
standby STBY pin mined and and and impedance * RES 
mode reset reset reset 


Notes: 1. RTCNT and bits 7 and 6 of RTMCSR are initialized. Other bits and registers hold their previous states. 
2. The RAME bit must be cleared to 0 in SYSCR before the transition from the program execution state to hardware 
standby mode. 
Legend 
SYSCR: System control register 
SSBY: Software standby bit 
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19.2 Register Configuration 


The internal system control register (SYSCR) controls the power-down state. Table 19-2 


summarizes this register. 


Table 19-2 Control Register 






































Address* Name Abbreviation R/W Initial Value 

H'FFF2 System control register SYSCR R/W H'0B 

Note: * Lower 16 bits of the address. 

19.2.1 System Control Register (SYSCR) 
Bit 7 6 5 4 3 2 1 0 

SSBY STS2 STS1 STSO UE NMIEG — RAME 
Initial value 0 0 0 0 1 0 1 1 
Read/Write R/W R/W R/W R/W R/W R/W — R/W 
| 
RAM enable 








Software standby 
Enables transition to 
software standby mode 





User bit enable 


Standby timer select 2 to 0 
These bits select the 

waiting time at exit from 
software standby mode 


Reserved bit 


NMI edge select 


SYSCR is an 8-bit readable/writable register. Bit 7 (SSBY) and bits 6 to 4 (STS2 to STSO) control 
the power-down state. For information on the other SYSCR bits, see section 3.3, System Control 


Register. 
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Bit 7—Software Standby (SSBY): Enables transition to software standby mode. When software 
standby mode is exited by an external interrupt, this bit remains set to 1 after the return to normal 
operation. To clear this bit, write 0. 





Bit 7 

SSBY __ Description 

0 SLEEP instruction causes transition to sleep mode (Initial value) 
1 SLEEP instruction causes transition to software standby mode 





Bits 6 to 4—Standby Timer Select (STS2 to STSO): These bits select the length of time the CPU 
and on-chip supporting modules wait for the clock to settle when software standby mode is exited 
by an external interrupt. If the clock is generated by a crystal resonator, set these bits according to 
the clock frequency so that the waiting time will be at least 8 ms. See table 19-3. If an external 
clock is used, any setting is permitted. 


Bit 6 Bit 5 Bit 4 
STS2 STS1 STSO Description 


0 0 0 Waiting time = 8192 states (Initial value) 

















1 Waiting time = 16384 states 
1 0 Waiting time = 32768 states 
1 Waiting time = 65536 states 
1 0 — Waiting time = 131072 states 
1 — Illegal setting 
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19.3 Sleep Mode 
19.3.1 Transition to Sleep Mode 


When the SSBY bit is cleared to 0 in SYSCR, execution of the SLEEP instruction causes a 
transition from the program execution state to sleep mode. Immediately after executing the 
SLEEP instruction the CPU halts, but the contents of its internal registers are retained. The DMA 
controller (DMAC), refresh controller, and on-chip supporting modules do not halt in sleep mode. 


19.3.2 Exit from Sleep Mode 
Sleep mode is exited by an interrupt, or by input at the RES or STBY pin. 


Exit by Interrupt: An interrupt terminates sleep mode and causes a transition to the interrupt 
exception handling state. Sleep mode is not exited by an interrupt source in an on-chip supporting 
module if the interrupt is disabled in the on-chip supporting module. Sleep mode is not exited by 
an interrupt other than NMI if the interrupt is masked in the CPU. 


Exit by RES Input: Low input at the RES pin exits from sleep mode to the reset state. 


Exit by STBY Input: Low input at the STBY pin exits from sleep mode to hardware standby 
mode. 
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19.4 Software Standby Mode 
19.4.1 Transition to Software Standby Mode 


To enter software standby mode, execute the SLEEP instruction while the SSBY bit is set to | in 
SYSCR. 


In software standby mode, current dissipation is reduced to an extremely low level because the 
CPU, clock, and on-chip supporting modules all halt. The DMAC and on-chip supporting 
modules are reset. As long as the specified voltage is supplied, however, CPU register contents 
and on-chip RAM data are retained. The settings of the I/O ports and refresh controller* are also 
held. 


Note: * RTCNT and bits 7 and 6 of RTMCSR are initialized. Other bits and registers hold their 
previous states. 


19.4.2 Exit from Software Standby Mode 


Software standby mode can be exited by input of an external interrupt at the NMI, IRQg, IRQ}, or 
IRQ, pin, or by input at the RES or STBY pin. 


Exit by Interrupt: When an NMI, IRQo, IRQ}, or IRQ) interrupt request signal is received, the 
clock oscillator begins operating. After the oscillator settling time selected by bits STS2 to STSO 
in SYSCR, stable clock signals are supplied to the entire chip, software standby mode ends, and 
interrupt exception handling begins. Software standby mode is not exited if the interrupt enable 
bits of interrupts IRQo, IRQ), and IRQ, are cleared to 0, or if these interrupts are masked in the 
CPU. 


Exit by RES Input: When the RES input goes low, the clock oscillator starts and clock pulses are 
supplied immediately to the entire chip. The RES signal must be held low long enough for the 
clock oscillator to stabilize. When RES goes high, the CPU starts reset exception handling. 


Exit by STBY Input: Low input at the STBY pin causes a transition to hardware standby mode. 
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19.4.3 Selection of Waiting Time for Exit from Software Standby Mode 


Bits STS2 to STSO in SYSCR should be set as follows. 


Crystal Resonator: Set STS2 to STSO so that the waiting time (for the clock to stabilize) is at 
least 8 ms. Table 19-3 indicates the waiting times that are selected by STS2 to STSO settings at 
various system clock frequencies. 


External Clock: Any value may be set. 


Table 19-3 Clock Frequency and Waiting Time for Clock to Settle 


STS2 STS1 STSO 


Waiting 
Time 16 MHZ 12 MHz 10 MHz 8MHz 6MHz 4MHz 2MHz Unit 



























































0 0 0 8192 0.51 0.65 0.8 1.0 1.3 2.0 4.1 ms 
states 
0 0 1 16384 1.0 1.3 1.6 2.0 2.7 4.1 8.2 
states 
0 1 0 32768 2.0 2.7 3.3 4.1 5.5 8.2 16.4 
states 
0 1 1 65536 4.1 5.5 6.6 8.2 10.9 16.4 32.8 
states 
1 0 = 131072 | 8.2 10.9 13.1 16.4 21.8 32.8 65.5 























states 





{ 


Illegal setting 

















: Recommended setting 
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19.4.4 Sample Application of Software Standby Mode 


Figure 19-1 shows an example in which software standby mode is entered at the fall of NMI and 
exited at the rise of NMI. 


With the NMI edge select bit (NMIEG) cleared to 0 in SYSCR (selecting the falling edge), an 
NMI interrupt occurs. Next the NMIEG bit is set to 1 (selecting the rising edge) and the SSBY bit 
is set to 1; then the SLEEP instruction is executed to enter software standby mode. 


Software standby mode is exited at the next rising edge of the NMI signal. 











Clock | | 


oscillator 44 ac | | 












































































































































NMI { - 4 


NMIEG 

















SSBY 








NMI interrupt Software standby Oscillator NMI exception 
handler mode (power- settling time handling 
NMIEG = 1 down state) (togca) 
SSBY = 1 

SLEEP 

instruction 








Figure 19-1 NMI Timing for Software Standby Mode (Example) 
19.4.5 Note 


The I/O ports retain their existing states in software standby mode. If a port is in the high output 
state, its output current is not reduced. 


555 


19.5 Hardware Standby Mode 
19.5.1 Transition to Hardware Standby Mode 


Regardless of its current state, the chip enters hardware standby mode whenever the STBY pin 
goes low. Hardware standby mode reduces power consumption drastically by halting all functions 
of the CPU, DMAC, refresh controller, and on-chip supporting modules. All modules are reset 
except the on-chip RAM. As long as the specified voltage is supplied, on-chip RAM data is 
retained. I/O ports are placed in the high-impedance state. 


Clear the RAME bit to 0 in SYSCR before STBY goes low to retain on-chip RAM data. 


The inputs at the mode pins (MD2 to MDO) should not be changed during hardware standby 
mode. 


19.5.2 Exit from Hardware Standby Mode 


Hardware standby mode is exited by inputs at the STBY and RES pins. While RES is low, when 
STBY goes high, the clock oscillator starts running. RES should be held low long enough for the 
clock oscillator to settle. When RES goes high, reset exception handling begins, followed by a 
transition to the program execution state. 


19.5.3 Timing for Hardware Standby Mode 


Figure 19-2 shows the timing relationships for hardware standby mode. To enter hardware standby 
mode, first drive RES low, then drive STBY low. To exit hardware standby mode, first drive 
STBY high, wait for the clock to settle, then bring RES from low to high. 













































































Clock 
oscillator ct Pe cl 





























RES 
a 
J 
STBY 
ni 
J 
~ Oscillator 
settling time 
Reset 
exception 
handling 





Figure 19-2 Hardware Standby Mode Timing 
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Section 20 Electrical Characteristics 


20.1 Absolute Maximum Ratings 
Table 20-1 lists the absolute maximum ratings. 


Table 20-1 Absolute Maximum Ratings 
































—Preliminary— 
Item Symbol Value Unit 
Power supply voltage Vec —0.3 to +7.0 V 
Programming voltage Vpp —0.3 to +13.5 V 
Input voltage (except port 7) Vin —0.3 to Vcc +0.3 V 
Input voltage (port 7) Vin —0.3 to AVcc +0.3 V 
Reference voltage VReEF —0.3 to AVcc +0.3 V 
Analog power supply voltage AVcc —0.3 to +7.0 V 
Analog input voltage Van —0.3 to AVcc +0.3 V 
Operating temperature Topr Regular specifications: -20 to +75 °C 
Wide-range specifications: —40 to +85 °C 
Storage temperature Tstg —55 to +125 °C 


Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded. 
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20.2 Electrical Characteristics 


20.2.1 DC Characteristics 


Table 20-2 lists the DC characteristics. Table 20-3 lists the permissible output currents. 


Table 20-2 DC Characteristics 


Conditions: Voc = 5.0 V + 10%, AVec = 5.0 V + 10%, Veagp = 4.5 V to AVecc, 
Vos = AVgs = 0 V*, T, = —20°C to +75°C (regular specifications), 
T, = —40°C to +85°C (wide-range specifications) 



































Item Symbol Min Typ Max Unit Test Conditions 
Schmitt Port A, Vz- 1.0 — — V 
trigger input = = 
voltages P85 to P85, Vyt Voc x0.7 V 
PBo to PB3 Vr+t — Vr 0.4 —= —- V 
Input high RES, STBY, Vin Veco -0.7 — Veco + 0.3 V 
voltage NMI, MD» to 
MD,y 
EXTAL Veco x0.7 — Veco + 0.3 V 
Port 7 2.0 — AVcc + 0.3 V 
Ports 1, 2, 3, 2.0 — Veco + 0.3 V 
4,5, 6, 9, 
P83, P84, 
PB, to PB7 
Input low RES, STBY, Vi. 0.3 —_— 0.5 V 
voltage MDs to MDp 
NMI, EXTAL, —0.3 — 0.8 V 
ports 1, 2, 3, 
4,5, 6, 7, 9, 
P83, P84, 
PB, to PBz 
Output high All output pins Voy Veco -0.5 — = V lo = —-200 pA 
vollage 3.5 = = V Ioy=-1 mA 





Note: * If the A/D and D/A converters are not used, do not leave the AVcc, AVgg, and Vp_er pins 
open. Connect AVcc and Vref to Voc, and connect AVgg to Vgg. 
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Table 20-2 DC Characteristics (cont) 


Conditions: Voc = 5.0 V + 10%, AVcc = 5.0 V + 10%, Vepp= 4.5 V to AVec , 
Voss = AVgs = 0 V"!, T, =-20°C to +75°C (regular specifications), 
T, = —40°C to +85°C (wide-range specifications) 
























































Item Symbol Min Typ Max Unit Test Conditions 
Output low All output pins Vo, — — 0.4 V lo, = 1.6 mA 
voltage (except RESO) 
Ports 1, 2, — —_— 1.0 V lop = 10 mA 
5, and B 
RESO — — 0.4 V lo, = 2.6 mA 
Input leakage STBY, NMI, lin — = 1.0 HA = Vin = 0.5 to 
current RES, Voc — 0.5 V 
MDos to MDog 
Port 7 = = 1.0 HA = Vin = 0.5 to 
AVcc — 0.5 V 
Three-state Ports 1, 2, IItsil as — 10 WA Vin = 0.5 to 
leakage 3, 4, 5, 6, Veco - 0.5 V 
current 8toB 
(off state) = “RESO = = 10.0 pA Vy=0.5to 
Vec-0.5 V 
Input pull-up Ports 2, —Ip 50 _— 300 HA Vin=OV 
current 4, and 5 
Input NMI Cin ee =, 50 pF VIN =0V 
capacitance pj input pins = = 15 f= 1 MHz 
except NMI Ta = 25°C 
Current Normal loc = 35 55 mA f=10MHz 
dissipation*2 operation = 40 65 mA =12MHz 
=a 50 80 mA f=16MHz 
Sleep mode — 25 40 mA f=10MHz 
— 30 45 mA f=12MHz 
=< 35 60 mA f=16MHz 
Standby — 0.01 5.0 WA =T,< 50°C 
mode*S ie = 20.0 pA 50°C<T, 


Notes: 1. Ifthe A/D and D/A converters are not used, do not leave the AVcgc, AVgss, and Vref pins 
open. Connect AVcc and Vref to Voc, and connect AVgg to Vgg. 
2. Current dissipation values are for Vinmin = Voc — 9.5 V and Vitmax = 0-5 V with all output 
pins unloaded and the on-chip pull-up transistors in the off state. 
3. The values are for Vaam S$ Voc < 4.5 V, Vinmin = Voc x 0.9, and Vitmax = 0.3 V. 
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Table 20-2 DC Characteristics (cont) 


Conditions: Voc = 5.0 V + 10%, AVcc = 5.0 V + 10%, Vapp = 4.5 V to AVec, 
Vgg = AVgg = 0 V"!, T, =-20°C to +75°C (regular specifications), 
T, =—40°C to +85°C (wide-range specifications) 























Item Symbol Min Typ Max Unit Test Conditions 
Analog power During A/D Alco = 1.2 2.0 mA 
supply current conversion 

During A/D —_— 2.0 5.0 mA 

and D/A 

conversion 

Idle = 0.01 5.0 yA 
Reference During A/D Alco = 0.2 0.5 MA Veer = 5.0 V 
current conversion 

During A/D —= 0.5 1.0 mA 

and D/A 

conversion 

Idle = 0.01 5.0 yA 
RAM standby voltage VRAM 2.0 _ = Vv 


Notes: 1. If the A/D and D/A converters are not used, do not leave the AVcgc, AVsg, and Vref pins 
open. Connect AVcc and Vref to Voc, and connect AVgg to Vgg. 
2. Current dissipation values are for Vinmin = Vcc — 0.5 V and Vit max = 9.5 V with all output 
pins unloaded and the on-chip pull-up transistors in the off state. 
3. The values are for Vaam < Voc < 4-5 V, Vinmin = Voc X 0-9, and Vitmax = 0.3 V. 
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Table 20-2 DC Characteristics (cont) 


Conditions: Voc = 2.7 V to 5.5 V, AVcc = 2.7 V to 5.5 V, Vag = 2.7 V to AVcc, 
Vos = AVgsg = 0 V*, T, = —20°C to +75°C (regular specifications), 
T, =—40°C to +85°C (wide-range specifications) 
























































Item Symbol Min Typ Max Unit Test Conditions 
Schmitt Port A, Vy- Voc X0.2 — = V 
trigger input + P8p to P8s, F 
voltages PB) toPB, YT os ai Voox0.7  V 
Vqt-Vq- Veco x 0.07 — — V 
Input high RES, STBY, Viy Veco x09 — Veco +03 V 
voltage NMI, MD» to 
MDo 
EXTAL Voc x 0.7. — Veco + 0.3 V 
Port 7 Vec x0.7 — AVcc +0.3 V 
Ports 1, 2, 3,4, Veco x0.7 — Veco +03 V 
5, 6, 9, P83, 
P8,, PB, to PB7 
Input low RES, STBY, Vi -0.3 — Veco x 0.1 V 
voltage MD» to MDo 
NMI, EXTAL, -0.3 —_ Veco x0.2 V Veco <4.0V 
ports 1, 2, 3, 
4,5, 6, 7, 9, 
hale! 4.0 V to 5.5 V 
Output high All output pins Voy Veco -0.5 — — V lon = —200 PA 
voriade Vented = = Vv ihysstma 
Output low = All output pins Vo, — — 0.4 V lol = 1.6 mA 
voltage (except RESO) 
Ports 1, 2, — — 1.0 V Voc <4 V 
5,andB lol = 5 mA, 
4V<Vcoc <5.5V 
lo. = 10 mA 
RESO — — 0.4 V lo, = 2.6 mA 
Input leakage STBY, NMI, — {lini = = 1.0 HA Vin = 0.5 to 
current RES, Voc — 0.5 V 
MDo to MDo 
Port 7 = = 1.0 yA VIN = 0.5 to 
AVcoc — 0.5 V 





Note: * If the A/D and D/A converters are not used, do not leave the AVcc, AVgsg, and Vrer 
pins open. Connect AVcc and Vref to Voc, and connect AVgg to Vgs. 
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Table 20-2 DC Characteristics (cont) 


Conditions: Voc = 2.7 V to 5.5 V, AVoc = 2.7 V to 5.5 V, Vepp = 2.7 V to AVcc, 
Voss = AVgg = 0 V"!, T, =-20°C to +75°C (regular specifications), 
T, = —40°C to +85°C (wide-range specifications) 












































Item Symbol Min Typ Max Unit Test Conditions 
Three-state Ports 1, 2, IIrs1| = — 1.0 WA = Viy = 0.5 to 
leakage 3, 4, 5, 6, Voc - 0.5 V 
current 8toB 
fol stals)” | BESS = = 10.0 uA Vy =0.5to 
Voc — 0.5 V 
Input pull-up Ports 2, —Ip 10 _ 300 WA Voc =2.7 V to 
current 4,and 5 5.5 V, 
Vin=OV 

Input NMI Cin — — 50 pF Vin =O0V 
CARACKANCS Ay) input pins — _ 15 ace 

except NMI a= 
Current Normal loc*4 — 30 36.2 mA f=8MHz 
dissipation*2 operation (5.0V) (5.5 V) 

Sleep mode — 20 27.4 mA f=8MHz 

(5.0V) (5.5 V) 
Standby — 0.01 5.0 WA =T,< 50°C 
*3 

mods _ = 20.0 WA 50°C < Ta 

Analog During A/D Alcc — 1.0 2.0 mA AVcc =3.0 V 
ower conversion 
a = 1.2 - mA AVcg =5.0V 
pply ———_ = 

current During A/D — 1.8 4.0 mA AVcc=3.0 V 

ai — S00 mA AVog = 5.0 V 

conversion 

Idle — 0.01 5.0 yA 





Notes: 1. If the A/D and D/A converters are not used, do not leave the AVcgc, AVgg, and Vref pins 
open. Connect AVcc and Vref to Voc, and connect AVgg to Vgg. 
2. Current dissipation values are for Viumin = Voc — 0.5 V and Vitmax = 0.5 V with all output 
pins unloaded and the on-chip pull-up transistors in the off state. 
. The values are for Vraw S$ Voc < 2.7 V, Vinmin = Voc X 0.9, and Vitmax = 0.3 V. 
. loc depends on Vcc and f as follows: 
Iccmax = 1-0 (mA) + 0.8 (MA/MHz° V) x Vcc x f [normal mode] 
Iccmax = 1-0 (mA) + 0.6 (mA/MHz « V) x Voc x f [sleep mode] 


oO 
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Table 20-2 DC Characteristics (cont) 


Conditions: Voc = 2.7 V to 5.5 V, AVcc = 2.7 V to 5.5 V, Vag = 2.7 V to AVcc, 
Vos = AVgs = 0 V*, T, = —20°C to +75°C (regular specifications), 
T, = —40°C to +85°C (wide-range specifications) 

















Item Symbol Min Typ Max Unit Test Conditions 

Reference During A/D Aloc _ 0.1 0.2 mA Vper = 3.0 V 

current conversion = 02 fs mA Ver = 5.0V 
During A/D — 0.2 0.4 mA Veer = 3.0 V 
ee o = 0.5 i mA Veer =5.0V 
Idle _— 0.01 5.0 HA 

RAM standby voltage VRam 2.0 —_ — V 





Note: * Ifthe A/D and D/A converters are not used, do not leave the AVgc, AVgg, and Vrer 
pins open. Connect AVcc and Vref to Voc, and connect AVgg to Vgs. 


Table 20-3 Permissible Output Currents 
Conditions: Vcc = 2.7 V to 5.5 V, AVec = 2.7 V to 5.5 V, Vppp = 2.7 V to AVcc, 


Vos = AVgs = 0 V, T, = —20°C to +75°C (regular specifications), 
T, = —40°C to +85°C (wide-range specifications) 

















Item Symbol Min Typ Max_ Unit 
Permissible output Ports 1, 2,5, andB lot — —_— 10 mA 
ON SUNT PE EPI Other output pins — — 2.0 mA 
Permissible output Total of 28 pins in Llot —_ —_ 80 mA 
low current (total) ports 1, 2,5, and B 

Total of all output pins, — — 120 mA 


including the above 





Permissible output All output pins lou —_ _ 2.0 mA 
high current (per pin) 





Permissible output Total of all output pins Lou —_ _ 40 mA 
high current (total) 


Notes: 1. To protect chip reliability, do not exceed the output current values in table 20-3. 
2. When driving a darlington pair or LED, always insert a current-limiting resistor in the 
output line, as shown in figures 20-1 and 20-2. 
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H8/3042 
Series 





Port 














Darlington pair 














Figure 20-1 Darlington Pair Drive Circuit (Example) 











H8/3042 
Series 
Ports 1, 2, 5, 
and B 600 Q 
whe 
LED 








Figure 20-2 LED Drive Circuit (Example) 
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20.2.2 AC Characteristics 


Bus timing parameters are listed in table 20-4. Refresh controller bus timing parameters are listed 
in table 20-5. Control signal timing parameters are listed in table 20-6. Timing parameters of the 
on-chip supporting modules are listed in table 20-7. 


Table 20-4 Bus Timing (1) 


Condition A: Voc = 2.7 V to 5.5 V, AVcc = 2.7 V to 5.5 V, Varp = 2.7 V to AVec, 
Voss = AVcc = 0 V, 6 = 2 MHz to 8 MHz, T, = —20°C to +75°C (regular 
specifications), T, =—40°C to +85°C (wide-range specifications) 





Condition B: Vcc =5.0 V + 10%, AVec = 5.0 V + 10%, Verp = 4.5 V to AVcc, 
Vos = AVgs = 0 V, 6 = 2 MHz to 16 MHz, T, = —20°C to +75°C (regular 
specifications), T, =—40°C to +85°C (wide-range specifications) 












































Condition A Condition B 
8 MHz 10 MHz 12 MHz 16 MHz Test 

Item Symbol Min) Max Min Max Min Max Min Max Unit Conditions 
Clock cycle time teyc 125 500 100 500 833 500 625 500 ns _ Figure 20-4, 
Clock rise time ea SS. 980 a> AO ee - HO = AO Figure 20-5 
Clock fall time tor = 20 = 10 — 10 _ 10 
Address delay time tap _ 60 — 40 — 35 — 30 
Address hold time tay 25 _ 20 — 15 — 10 — 
Address strobe delay tasp _ 60 _ 40 _ 35 _ 30 
time 
Write strobe delay time twsp — 60 — 40 — 35 — 30 
Strobe delay time tsp — 60 — 40 _ 35¢. = 30 
Write data strobe pulse twswi* 85 = 70 = 55 = 35 — 
width 1 
Write data strobe pulse twswex 150 — 120 — 95 = 65 _— 
width 2 
Address setup time 1 tasi 20 = 15 = 10 = 10 = 
Address setup time 2 _tago 80 _— 65 — 50 _ 40 — 
Read data setup time taps 50 _ 20 _ 20 _ 20 = 
Read data hold time tRoH 0 _ 0 — 0 _— 0 _— 
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Table 20-4 Bus Timing (cont) 


Condition A: Vcc = 2.7 V to 5.5 V, AVcc = 2.7 V to 5.5 V, Vagp = 2.7 V to AVcc, 
Vos = AVgs = 0 V, 6 = 2 MHz to 8 MHz, T, = —20°C to +75°C (regular 
specifications), T, = 40°C to +85°C (wide-range specifications) 


Condition B: Vcc =5.0 V + 10%, AVec = 5.0 V + 10%, Veapr = 4.5 V to AVecc, 
Vos = AVgs = 0 V, 6 = 2 MHz to 16 MHz, T, = —20°C to +75°C (regular 
specifications), T, = 40°C to +85°C (wide-range specifications) 















































Condition A Condition B 
8 MHz 10 MHz 12 MHz 16 MHz Test 

Item Symbol Min) Max Min Max Min Max Min Max Unit Conditions 
Write data delay time — twpp = 75 = 65 — 60 = 60 ns Figure 20-4, 
Write data setup time 1 twos; 60 — 75 — 60 — 35 — Figure 20-5 
Write data setup time 2 twpse 15 _ 10 _— 10 _ 5 _ 
Write data hold time twou 25 _ 20 — 20 — 20 — 
Read data access taccr*  — 110 — 100 — 80 _ 55 
time 1 
Read data access tacce*  — 230 — 200 — 160 — 115 
time 2 
Read data access tacc3*  — 55 _ 50 _ 40 _ 25 
time 3 
Read data access taccak  — 160 — 150 — 120 — 85 
time 4 
Precharge time tpcH* 85 — 70 — 55 — 40 — 
Wait setup time twts 40 = 35 — 25 — 25 = ns Figure 20-6 
Wait hold time twtH 10 = 10 — 5 _ 5 = 
Bus request setup ime tgras 40 _ 40 _ 40 _— 40 —_ ns Figure 20-18 
Bus acknowledge tgacb1 — 60 _ 50 — 40 _ 30 
delay time 1 
Bus acknowledge tgacp2 — 60 — 50 — 40 _— 30 
delay time 2 
Bus-floating time tgzp _ 70 _ 60 — 50 _ 40 





Note is on next page. 
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Note: At 8 MHz, the times below depend as indicated on the clock cycle time. 


tacci = 1.5.x teye — 78 (ns) twswi = 1.0 x teye — 40 (ns) 
tacce = 2.5 x toye — 83 (ns) twswe = 1.5x teye — 38 (ns) 
taccg = 1.0 x teye — 70 (ns) tpcy = 1.0 x teye — 40 (ns) 


tacca =2.0x toye — 90 (ns) 
At 10 MHz, the times below depend as indicated on the clock cycle time. 
tacci = =1.5x teye —50 (ns) twswt =1.0x teye —30 (ns) 
tacce = =2.5x teye = a (ns) twswe2 =1.5~x teye —30 (ns) 
tacc3 = 1.0  teye — 50 (ns) tecH = 1.0 X toeye — 30 (ns) 
tacca = 2.0 x teye — 50 (ns) 
At 12 MHz, the times below depend as indicated on the clock cycle time. 


tacci = =1.5~x toye — 5 (ns) twsw1 =1.0x toye — 28 (ns) 
tacce = 2.5 Xx teye — 48 (ns) twswe = 1.5 x toyo — 30 (ns) 
tacc3 = 1.0 toy — 43 (ns) tecH = 1.0 X toye — 28 (ns) 
tacca = 2.0 x teye — 47 (ns) 


At 16 MHz, the times below depend as indicated on the clock cycle time. 
tacci =1.5~x toye — ve (ns twsw1 =1.0x toye — 28 (ns) 
tacce = 2.5 X teye — 41 (ns twswe = 1.5 X toe — 28 (ns) 
tacc3 = 1.0 x teye — i (ns tecH = 1.0 X toeye — 23 (ns) 
tacca = 2.0 x teye — 40 (ns 


) 
) 
) 
) 
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Table 20-5 Refresh Controller Bus Timing 


Condition A: Vcc = 2.7 V to 5.5 V, AVcc = 2.7 V to 5.5 V, Vag = 2.7 V to AVcc, 
Vos = AVgsg = 0 V, 6 = 2 MHz to 8 MHz, T, = —20°C to +75°C (regular 
specifications), T, =—40°C to +85°C (wide-range specifications) 


Condition B: Vcc =5.0 V + 10%, AVoc = 5.0 V + 10%, Vagp = 4.5 V to AVecc, 
Vos = AVgs = 0 V, 6 = 2 MHz to 16 MHz, T, = —20°C to +75°C (regular 
specifications), T, =—40°C to +85°C (wide-range specifications) 















































Condition A Condition B 
8 MHz 10 MHz 12 MHz 16 MHz Test 
Item Symbol Min) Max Min Max Min Max Min Max Unit Conditions 
RAS delay time 1 trapt — 60 — 30 — 30 — 30. ns _ Figure 20-7 
RAS delay time 2 ft Ss Gop Se. 25H SG ee SO ats Sads 
RAS delay time 3 traps — 60 — 300 — 300 — 30 
Row address hold time* taay 25 _— 20 — 15 — 15 — 
RAS precharge time* tap 85 _ 70 — 55 _— 40 _ 
CAS to RAS precharge tcrp 85 _— 70 — 55 _ 40 _ 
time* 
CAS pulse width tcas 10 — 40 — 40 — 40 — 
RAS access time* trac = 160 — 150 — 120 — 85 
Address access time tan — 105 — 55 _ 55 _— 55 
CAS access time* tcac _— 50 — 50 — 40 — 25 
Write data setup time 3 twps3 75 _— 40 — 40 _— 40 _ 
CAS setup time* tcosr 200 — 15 = 15. = 1 — 
Read strobe delay time tasp _ 60 = 30 = 30 —_ 30 
Note: At 8 MHz, the times below depend as indicated on the clock cycle time. 
traH = 0.5 X toye — 38 (ns) tcac = 1.0 X teye — 75 (ns) 
trac = 2.0 X toy — 90 (ns) tosr = 0.5 X toye — 43 (ns) 


trp = tcrp =1.0x toye — 40 (ns) 
At 10 MHz, the times below depend as indicated on the clock cycle time. 
tRaH = 0.5 x teye — 30 (ns) tcac = 1.0x teye — 50 (ns) 
trac = 2.0 X toy — 50 (ns) tosr = 0.5 X teye — 35 (ns) 
trap = tcrp = 1.0x teye — 30 (ns) 
At 12 MHz, the times below depend as indicated on the clock cycle time. 
tRAH = 0.5 x toye — 27 (ns) tcac = 1.0x toye — 48 (ns) 
trac = 2.0 X toy — 47 (ns) tosr = 0.5 X teye — 27 (ns) 
trp = tcrp =1.0x teye — 28 (ns) 
At 16 MHz, the times below depend as indicated on the clock cycle time. 
tRaAH = 0.5 x teye — 16 (ns) tcac = 1.0x teye — 38 (ns) 
trac = 2.0 X toye — 40 (ns) tosr = 0.5 X teye — 16 (ns) 
trap = tcrp =1.0x toye — 23 (ns) 
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Table 20-6 Control Signal Timing 


Condition A: Vcc = 2.7 V to 5.5 V, AVec = 2.7 V to 5.5 V, Vrgp = 2.7 V to AV, 


Vos = AVgs = 0 V, 6 = 2 MHz to 8 MHz, T, = —20°C to +75°C (regular 
specifications), T, = 40°C to +85°C (wide-range specifications) 


Condition B: Voc = 5.0 V + 10%, AVec = 5.0 V + 10%, Vapp = 4.5 V to AV¢c, 
Vsg = AVss = 0 V, @ = 2 MHz to 16 MHz, T, = -20°C to +75°C (regular 


specifications), T, = 40°C to +85°C (wide-range specifications) 





























Condition A Condition B 
8 MHz 10 MHz 12 MHz 16 MHz Test 

Item Symbol Min Max Min Max Min Max Min Max Unit Conditions 
RES setup time tress 200 — 200 — 200  — 200 — ns Figure 20-15 
RES pulse width tresw _—s:1:0 — 10 _ 10 = 10 _— teyc 
RESO output delay tresp — 100 — 100 — 100 — 100 ns __ Figure 20-16 
time 
RESO output pulse tresow 132 — 132 — 132 — 132 — teyc 
width 
NMI setup time tums 150 — 150 — 150 — 150 — ns Figure 20-17 
(NMI, IRQs to IRQg) 
NMI hold time tnwiH 10 = 10 = 10 — 10 — 
(NMI, IRQs to IRQg) 
Interrupt pulse width tnuiw 200 — 200 — 200 — 200 — 
(NMI, IRQ, to IRQ 
when exiting software 
standby mode) 
Clock oscillator settling togc1 20 _ 20 = 20 — 20 = ms Figure 20-19 
time at reset (crystal) 
Clock oscillator settling togce 8 _ 8 = 8 — 8 — ms Figure 19-1 


time in software standby 
(crystal) 
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Table 20-7 Timing of On-Chip Supporting Modules 


Condition A: Vcc = 2.7 V to 5.5 V, AVcc = 2.7 V to 5.5 V, Vapp = 2.7 V to AVcc, 


Vos = AVgs = 0 V, 6 = 2 MHz to 8 MHz, T, = —20°C to +75°C (regular 


specifications), T, =—40°C to +85°C (wide-range specifications) 












































Condition B: Veco =5.0 V + 10%, AVcc = 5.0 V + 10%, Vapp = 4.5 V to AVcc, 
Voss = AVgs = 0 V, 6 = 2 MHz to 16 MHz, T, = —20°C to +75°C (regular 
specifications), T, = 40°C to +85°C (wide-range specifications) 
Condition A Condition B 
8 MHz 10 MHz 12MHz 16 MHz Test 
Item Symbol Min) Max Min Max Min Max Min Max Unit Conditions 
DMAC_ DREQ setup tprpag 40 — 30 = 30 _ 30. — ns Figure 20-27 
time 
DREQ hold tprpaH 10 — 10 — 10 — 10 — 
time 
TEND delay trep1 — 100 — 50 — 50 — 50 Figure 20-25, 
time 1 Figure 20-26 
TEND delay trep2 = 100 = 50 — 50 = 50 
time 2 
ITU Timer output trocp 2 100 — 100 — 100 — 100 ns _ Figure 20-21 
delay time 
Timer input trics 50 — 50 — 50 _ 50 — 
setup time 
Timer clock ttoxs 50 _ 50 — 50 = 50 _ Figure 20-22 
input setup time 
Timer Single ttcKwH 1.5 = 1.5 — 1.5 —[ 1.5 — teyc 
clock edge 
PUSS ‘Both: tadne 02S ot 8S: us Pe aa BS. eS 
width 
edges 
SCI Input Asyn- tgcyo 4 — 4 — 4 — 4 — tcyc Figure 20-23 
clock chronous 
Oe Sune dele GS nO. os GO Se Be 
chronous 
Input clock rise tgcKr _ 15 — 15 — 15 — 1.5. tscyc 
time 
Input clock fall — tgcxg¢ Ee 15 — 15 — 15 — 1.5 
time 
Input clock tscxw 04 06 04 O06 04 06 O04 0.6 
pulse width 





570 


Table 20-7 Timing of On-Chip Supporting Modules (cont) 


Condition A: Voc = 2.7 V to 5.5 V, AVcc = 2.7 V to 5.5 V, Vapp = 2.7 V to AVec, 
Vos = AVgs = 0 V, 6 = 2 MHz to 8 MHz, T, = —20°C to +75°C (regular 
specifications), T, = 40°C to +85°C (wide-range specifications) 


















































Condition B: Veco =5.0 V + 10%, AVec = 5.0 V + 10%, Veagr = 4.5 V to AVec, 
Vos = AVgs = 0 V, 6 = 2 MHz to 16 MHz, T, = —20°C to +75°C (regular 
specifications), T, = 40°C to +85°C (wide-range specifications) 
Condition A Condition B 
8 MHz 10 MHz 12MHz 16 MHz Test 
Item Symbol Min Max Min Max Min Max Min Max Unit Conditions 
SCI Transmit data trxp — 100 — 100 — 100 — 100 ns_ Figure 20-24 
delay time 
Receive data taxs 100 — 100 — 100 — 100 — 
setup time 
(synchronous) 
Receive data Clock input — taxy 100 — 100 — 100 — 100 — 
hold time Clock output 0 — oO — 0 — 0 — 
(synchronous) 
Ports Output data tpwo — 100 — 100 — 100 — 100 ns_ Figure 20-20 
and delay time 
TPC {nput data tprs 50 — 50 — 50 — 50 — 
setup time 
Input data tprRH 50 — 50 — 50 — 50 — 
hold time 
5V 
C =90 pF: ports 1, 2, 3, 4,5, 6,8 
Ri 
H8/3042/1/0 ; P| aa el 
output pin | 
put p R, =2.4k 
Ry= 12 kQ 
Cc = Ry Input/output timing measurement levels 
* Low: 0.8 V 
7 * High: 2.0 V 
TTT TTT 











Figure 20-3 Output Load Circuit 
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20.2.3 A/D Conversion Characteristics 


Table 20-8 lists the A/D conversion characteristics. 


Table 20-8 A/D Converter Characteristics 


Condition A: Vcc = 2.7 V to 5.5 V, AVcc = 2.7 V to 5.5 V, Vag = 2.7 V to AVec, 


Vos = AVgs = 0 V, 6 = 2 MHz to 8 MHz, T, =—20°C to +75°C (regular 
specifications), T, = 40°C to +85°C (wide-range specifications) 





























Condition B: Voc =5.0 V + 10%, AVcc = 5.0 V + 10%, Vppp = 4.5 V to AVcc, 

Voss = AVgs = 0 V, 6 = 2 MHz to 16 MHz, T, = —20°C to +75°C (regular 

specifications), T, = 40°C to +85°C (wide-range specifications) 

Condition A Condition B 
8 MHz 10 MHz 12 MHz 16 MHz 

Item Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit 
Resolution 10 10 10 10 10 10 10 10 10 10 10 10 bits 
Conversion time —_— = 16.8 — = 13.4 — —_ 14.20 — = 8.4 us 
Analog input = — 20 _ _ 20 _ _ 20 _ _ 20 ~pF 
capacitance 
Permissible signal- — — 10° — _ 10 —_ — 10 _— — 10% kQ 
source impedance __ => 52 =. — 54 
Nonlinearity error = — — +6.0 — _— 43.0 — — 43.0 — —  +3.0 LSB 
Offset error — — +40 — = 42.0 — — 42.00 — — +2.0 LSB 
Full-scale error = = +140 — = +2.0 — = +2.0 — = +2.0 LSB 
Quantization error = — — 40.5 — = 40.5 — — 40.5 — —  +0.5 LSB 
Absolute accuracy — — +8.0 — _ +40 — — +40 — _ +4.0 LSB 





Notes: 1. The value is for 4.0 < AVoc $< 5.5. 
2. The value is for 2.7 < AVgc < 4.0. 


3. The value is for @ < 12 MHz. 
4. The value is for @ > 12 MHz. 
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20.2.4 D/A Conversion Characteristics 
Table 20-9 lists the D/A conversion characteristics. 
Table 20-9 D/A Converter Characteristics 


Condition A: Vcc = 2.7 V to 5.5 V, AVcc = 2.7 V to 5.5 V, Verp= 2.7 V to AVcc, 
Vos = AVgg = 0 V, 6 = 2 MHz to 8 MHz, T, = —20°C to +75°C 
(regular specifications), T, = 40°C to +85°C (wide-range specifications) 


Condition B: Voc =5.0 V + 10%, AVcc = 5.0 V + 10%, Vapp = 4.5 V to AVcc, 
Vys = AVgg = 0 V, @ = 2 MHz to 16 MHz, T, =—20°C to +75°C 
(regular specifications), T, = 40°C to +85°C (wide-range specifications) 














Condition A Condition B 
8 MHz 10 MHz 12 MHz 16 MHz Test 

Item Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit Conditions 
Resolution 8 8 8 8 8 8 8 8 8 8 8 8 Bits 
Conversion — — _ 10 —- — 10 —- — 10 — — 10 wuS = 20-pF capaci- 
time tive load 
Absolute — +20 #20 — HO H5 — HO H5 — +H.0 H.5 LSB 2-MQ 
accuracy resistive load 

—- — +720 — — HO — — H0 — — H.0 LSB 4-MQ 


resistive load 
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20.3 Operational Timing 
This section shows timing diagrams. 
20.3.1 Bus Timing 
Bus timing is shown as follows: 
¢ Basic bus cycle: two-state access 
Figure 20-4 shows the timing of the external two-state access cycle. 
¢ Basic bus cycle: three-state access 
Figure 20-5 shows the timing of the external three-state access cycle. 
¢ Basic bus cycle: three-state access with one wait state 


Figure 20-6 shows the timing of the external three-state access cycle with one wait state 
inserted. 
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Figure 20-4 Basic Bus Cycle: Two-State Access 
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Figure 20-5 Basic Bus Cycle: Three-State Access 
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Figure 20-6 Basic Bus Cycle: Three-State Access with One Wait State 
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20.3.2 Refresh Controller Bus Timing 


Refresh controller bus timing is shown as follows: 


e DRAM bus timing 


Figure 


s 20-7 to 20-12 show the DRAM bus timing in each operating mode. 


¢ PSRAM bus timing 


Figures 20-13 and 20-14 show the pseudo-static RAM bus timing in each operating mode. 
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Figure 20-7 DRAM Bus Timing (Read/Write): Three-State Access 


— 2WE Mode — 
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Figure 20-8 DRAM Bus Timing (Refresh Cycle): Three-State Access 
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Figure 20-9 DRAM Bus Timing (Self-Refresh Mode) 
— 2WE Mode — 
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Figure 20-10 DRAM Bus Timing (Read/Write): Three-State Access 


— 2CAS Mode — 
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Figure 20-11 DRAM Bus Timing (Refresh Cycle): Three-State Access 
— 2CAS Mode — 
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Figure 20-12 DRAM Bus Timing (Self-Refresh Mode) 
— 2CAS Mode — 


581 














Ty To T3 















































|< el a | 
@ tap L 7, 
Az23 to Ao be Dé 
AS 
| tRapi traps ee red 
~<a | 
CS3 i tap a 
tast fe OS 
|< SD 
RD (read) ap / 
t t 
RDS RDH 





—<——| 
Dy5 to Do 
(read) 


























twsp tsp 
HWR, LWR 
(write) | 
twos2 
Di5 to Do . es 
(write) { 
RFSH 








Figure 20-13 PSRAM Bus Timing (Read/Write): Three-State Access 
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Figure 20-14 PSRAM Bus Timing (Refresh Cycle): Three-State Access 
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20.3.3 Control Signal Timing 


Control signal timing is shown as follows: 


Reset input timing 

Figure 20-15 shows the reset input timing. 

Reset output timing 

Figure 20-16 shows the reset output timing. 

Interrupt input timing 

Figure 20-17 shows the input timing for NMI and IRQs to IRQo. 
Bus-release mode timing 


Figure 20-18 shows the bus-release mode timing. 
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Figure 20-15 Reset Input Timing 
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Figure 20-16 Reset Output Timing 
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Figure 20-17 Interrupt Input Timing 
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Figure 20-18 Bus-Release Mode Timing 
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20.3.4 Clock Timing 
Clock timing is shown as follows: 
¢ Oscillator settling timing 


Figure 20-19 shows the oscillator settling timing. 
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Figure 20-19 Oscillator Settling Timing 
20.3.5 TPC and I/O Port Timing 


TPC and I/O port timing is shown as follows. 
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Figure 20-20 TPC and I/O Port Input/Output Timing 
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20.3.6 ITU Timing 
ITU timing is shown as follows: 
e ITU input/output timing 
Figure 20-21 shows the ITU input/output timing. 
e ITU external clock input timing 


Figure 20-22 shows the ITU external clock input timing. 
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Notes: 1. TIOCAO to TIOCA4, TIOCBO to TIOCB4, TOCXA4, TOCXB4 
2. TIOCAO to TIOCA4, TIOCBO to TIOCB4 





Figure 20-21 ITU Input/Output Timing 
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Figure 20-22 ITU Clock Input Timing 
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20.3.7 SCI Input/Output Timing 


SCI timing is shown as follows: 


¢ SCI input clock timing 


Figure 20-23 shows the SCI input clock timing. 


¢ SCI input/output timing (synchronous mode) 


Figure 20-24 shows the SCI input/output timing in synchronous mode. 
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Figure 20-23 SCK Input Clock Timing 
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Figure 20-24 SCI Input/Output Timing in Synchronous Mode 
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20.3.8 DMAC Timing 


DMAC timing is shown as follows. 


DMAC TEND output timing for 2 state access 

Figure 20-25 shows the DMAC TEND output timing for 2 state access. 
DMAC TEND output timing for 3 state access 

Figure 20-26 shows the DMAC TEND output timing for 3 state access. 
DMAC DREQ input timing 


Figure 20-27 shows DMAC DREQ input timing. 














TEND 








Figure 20-25 DMAC TEND Output Timing for 2 State Access 











TEND 














Figure 20-26 DMAC TEND Output Timing for 3 State Access 
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Figure 20-27 DMAC DREQ Input Timing 
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Appendix A_ Instruction Set 


A.1 Instruction List 


Operand Notation 
















































































Symbol Description 

Rd General destination register 

Rs General source register 

Rn General register 

ERd General destination register (address register or 32-bit register) 

ERs General source register (address register or 32-bit register) 

ERn General register (32-bit register) 

(EAd) Destination operand 

(EAs) Source operand 

PC Program counter 

SP Stack pointer 

CCR Condition code register 

N N (negative) flag in CCR 

Z Z (zero) flag in CCR 

V V (overflow) flag in CCR 

Cc C (carry) flag in CCR 

disp Displacement 

> Transfer from the operand on the left to the operand on the right, or transition from 
the state on the left to the state on the right 

+ Addition of the operands on both sides 

- Subtraction of the operand on the right from the operand on the left 

x Multiplication of the operands on both sides 

+ Division of the operand on the left by the operand on the right 

A Logical AND of the operands on both sides 

Vv Logical OR of the operands on both sides 

® Exclusive logical OR of the operands on both sides 

a NOT (logical complement) 

(),<> Contents of operand 





Note: General registers include 8-bit registers (ROH to R7H and ROL to R7L) and 16-bit registers 
(RO to R7 and EO to E7). 
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Condition Code Notation 

















Symbol Description 

t Changed according to execution result 

* Undetermined (no guaranteed value) 

0 Cleared to 0 

1 Set to 1 

_— Not affected by execution of the instruction 

A Varies depending on conditions, described in notes 
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Table A-1 Instruction Set 


1. Data transfer instructions 








































































































Addressing Mode and No. of 
Instruction Length (bytes) States “1 
PS 
@ oa 
o ec ej a 3 
2 cle rs) = 8 
G ©) io as Condition Code = = 
o x | G/si4) sisi 3 3 
Mnemonic © | Operation #/2/G/O/G| | 6/6 H/N/Z\V z < 
MOV.B #xx:8, Rd B | #xx:8 = Rd8 2 —|t/t)0o 2 
MOV.B Rs, Rd B | Rs8 > Rd8& 2 —|t/t)0o 2 
MOV.B @ERs, Rd B | @ERs > Rd8& 2 —|t)t)/0 4 
MOV.B @(d:16, ERs), | B | @(d:16, ERs) > Rd8 4 = ft st fon fe 6 
Rd 
MOV.B @(d:24, ERs), | B | @(d:24, ERs) > Rd8 8 —/t}t}oj— 10 
Rd 
MOV.B @ERs+, Rd B | @ERs > RD8 2 —|t}t)oj— 6 
ERs32+1 — ERs32 
MOV.B @aa:8, Rd B | @aa:8 — Rd8& 2 —|t|t)0 4 
MOV.B @aa:16, Rd B | @aa:16 > Rd8 4 —|tit)o 6 
MOV.B @aa:24, Rd B | @aa:24 > Rd8 6 —|t}t}o 8 
MOV.B Rs, @ERd B | Rs8 > @ERd 2 —|t}tjo 4 
MOV.B Rs, @(d:16, B | Rs8 > @(d:16, ERd) 4 —lt]t}o 6 
ERd) 
MOV.B Rs, @(d:24, B | Rs8 > @(d:24, ERd) 8 —|t}t jo 10 
ERd) 
MOV.B Rs, @-ERd B | ERd32-1 > ERd32 2 —|t}t jo 6 
Rs8 — @ERd 
MOV.B Rs, @aa:8 B | Rs8 > @aa:8 2 —|t}t]o 4 
MOV.B Rs, @aa:16 B | Rs8 > @aa:16 4 —/t|t jo 6 
MOV.B Rs, @aa:24 B | Rs8 > @aa:24 6 —/t|t jo 8 
MOV.W #xx:16, Rd W | #xx:16 > Rd16 4 —/t|t jo 4 
MOV.W Rs, Rd W | Rs16 > Rd16 2 —|t)/t}0 2 
MOV.W @ERs, Rd W | @ERs > Rd16 2 —|t}tjo 4 
MOV.W @(d:16, ERs), | W] @(d:16, ERs) > Rd16 4 —|t]t]o 6 
Rd 
MOV.W @(d:24, ERs), | W] @(d:24, ERs) > Rd16 8 —|t]t]o 10 
Rd 
MOV.W @ERs+, Rd W | @ERs > Rd16 2 —|t)/t}0 6 
ERs32+2 > @ERd32 
MOV.W @aa:16, Rd W | @aa:16 — Rd16 4 —/|t}tj}o 6 
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Table A-1 Instruction Set (cont) 




























































































Addressing Mode and No. of 
Instruction Length (bytes) States *1 
PS 
N c 
ao = 3 
2 z/<| Jo as ie 
S £) Wo are Condition Code | £ 5 
3 «| -/G/S/4/ s/s/e 5 | 8 
Mnemonic © | Operation FSP a KOMROMROREOIEOIEG) H|N|Z]/V z < 
MOV.W @aa:24, Rd W | @aa:24 > Rd16 6 —|—|t}]t]0 8 
MOV.W Rs, @ERd W/ Rs16 > @ERd 2 —|—|t]/t]0 4 
MOV.W Rs, @(d:16, W | Rs16 > @(d:16, ERd) 4 —|—|t}]t]0 6 
ERd) 
MOV.W Rs, @(d:24, | W| Rs16 > @(d:24, ERd) 8 —|—|<t]t]o 10 
ERd) 
MOV.W Rs, @-ERd W | ERd32-2 > ERd32 2 —|—|t}]t]0 6 
Rs16 — @ERd 
MOV.W Rs, @aa:16 W | Rs16 > @aa:16 4 —|—|t}t]0 6 
MOV.W Rs, @aa:24 W | Rs16 > @aa:24 6 —|—|t}t]0 8 
MOV.L #xx:32, Rd L | #xx:32 > Rd32 6 —|—|t]}/t]0 6 
MOV.L ERs, ERd L | ERs32 > ERd32 2 —|—|t]}/t]0 2 
MOV.L @ERs, ERd L | @ERs > ERd32 4 —|t)t}/0 8 
MOV.L @(d:16, ERs), | L | @(d:16, ERs) > ERd32 6 —|t)t]o 10 
ERd 
MOV.L @(d:24, ERs), L | @(d:24, ERs) ~ ERd32 10 —|t}t}o 14 
ERd 
MOV.L @ERs+, ERd L | @ERs > ERd32 4 —|t}t}o 10 
ERs32+4 > ERs32 
MOV.L @aa:16, ERd L | @aa:16 > ERd32 6 —|t}t}o 10 
MOV.L @aa:24, ERd L | @aa:24 > ERd32 8 —|t}t}o 12 
MOV.L ERs, @ERd L | ERs32 + @ERd 4 —i|t}t}o 8 
MOV ERs, @(d:16, | L | ERs32 > @(d:16, ERd) 6 —|t)t]o 10 
ERd) 
MOV.L ERs, @(d:24, L | ERs32 — @(d:24, ERd) 10 —|t)t/0 14 
ERd) 
MOV.L ERs, @-ERd L | ERd32-4 > ERd32 4 —|t}t}o 10 
ERs32 — @ERd 
MOV.L ERs, @aa:16 L | ERs32 — @aa:16 6 —|t|t}0 10 
MOV.L ERs, @aa:24 L | ERs32 > @aa:24 8 —|t}t}o 12 
POP.W Rn W) @SP > Rn16 —|t}t}o 6 
SP+2 — SP 
POP.L ERn L | @SP > ERn32 —|t}t}o 10 
SP+4 > SP 
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Table A-1 Instruction Set (cont) 





















































































































































Addressing Mode and No. of 
Instruction Length (bytes) States “1 
PS 
S o 
o = 3 
2 & is Oo = 3 
S £ |W) a7 8 Condition Code | £ 5 
3 «| - |G S/F) si sie 5 13 
Mnemonic © | Operation E/2£/©/O|/G)/G|O|S ITHIN|Zivjc| 2 < 
PUSH.W Rn W | SP-2 > SP —|/—/|t)/t)oj— 6 
Rn16 — @SP 
PUSH.L ERn L | SP-4 > SP —|/—/|t)/t)oj— 10 
ERn32 > @SP 
MOVFPE @aa:16, B | Cannot be used in the 4 Cannot be used in the 
Rd H8/3042 Series H8/3042 Series 
MOVTPE Rs, B | Cannot be used in the 4 Cannot be used in the 
@aa:16 H8/3042 Series H8/3042 Series 
2. Arithmetic instructions 
Addressing Mode and No. of 
Instruction Length (bytes) States *1 
¢ 
N o 
a z/®| [A 3 
c cle {S) yt ° 
S £ |W) oe a7 8 Condition Code | £ 5 
ac WwW} 
g c/w is o|2|©® 3 2 
Mnemonic © | Operation #&/e)/O|© & | |e IJHIN|Z/vic|z2 < 
ADD.B #xx:8, Rd B | Rd8+#xx:8 > Rd8 2 —/t i tytityt 2 
ADD.B Rs, Rd B | Rd8+Rs8 > Rd8 2 Sy Ee eet 2 
ADD.W #xx:16, Rd W | Rd16+#xx:16 — Rd16 4 —|@/t)t) tt 4 
ADD.W Rs, Rd W | Rd16+Rs16 > Rd16 2 —|@/t)t) tt 2 
ADD.L #xx:32, ERd L | ERd32+#xx:32 > 6 —|@/t)t)t}t 6 
ERd32 
ADD.L ERs, ERd L | ERd32+ERs32 > 2 —|@/t)t)t}t 2 
ERd32 
ADDX.B #xx:8, Rd B | Rd8+#xx:8 +C > Rd8 2 —|T)t|@)t]¢ 2 
ADDX.B Rs, Rd B | Rd8+Rs8 +C > Rd8 2 —!T)/t|@)t]¢ 2 
ADDS.L #1, ERd L | ERd32+1 > ERd32 2 —|/—}|—|—|-—J— 2 
ADDS.L #2, ERd L | ERd32+2 > ERd32 2 SS | SS S| SI 2 
ADDS.L #4, ERd L | ERd32+4 > ERd32 2 —J/—J—|—|-—J|— 2 
INC.B Rd B | Rd8+1 — Rd8 2 —j—/|t)tytj— 2 
INC.W #1, Rd W | Rd16+1 — Rd16 2 —/—|t)tytj— 2 
INC.W #2, Rd W | Rd16+2 — Rd16 2 —j/—|t)tytj— 2 
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Tiable A-1 Instruction Set (cont) 































































































Addressing Mode and No. of 
Instruction Length (bytes) States “1 
PS 
8 i 
iép) = 
2 & g Oo = 3 
G ©) le aed Condition Code £ 5 
o x | G/s/4#|s|/s\ oe 3 3 
Mnemonic © | Operation E/2£/@/G/G/ 6/6) © H|IN|Z/ivic|z2 < 
INC.L #1, ERd L | ERd32+1 — ERd32 2 | ted: |S 2 
INC.L #2, ERd L | ERd32+2 > ERd32 2 PP dy [yp 2 
DAA Rd B | Rd8 decimal adjust 2 ca Bat TE Rec Poe 2 
— Rd8 
SUB.B Rs, Rd B | Rd8—-Rs8 — Rd8 2 Tytyti tit 2 
SUB.W #xx:16, Rd W | Rd16-#xx:16 > Rd16 4 Olea ea ene 4 
SUB.W Rs, Rd W | Rd16—-Rs16 > Rd16 2 Oa ea eon 2 
SUB.L #xx:32, ERd L | ERd32-#xx:32 6 @lliy tits 6 
— ERd32 
SUB.L ERs, ERd L | ERd32-ERs32 2 @lli]t itt 2 
— ERd32 
SUBX.B #xx:8, Rd B | Rd8-#xx:8-C > Rd8 2 t/t /@j; ryt 2 
SUBX.B Rs, Rd B | Rd8-Rs8-C — Rd8 2 1) t/@jy ryt 2 
SUBS.L #1, ERd L | ERd32-1 — ERd32 2 —|—|/—|/-)— 2 
SUBS.L #2, ERd L | ERd32-2 > ERd32 2 —|— | — | | — 2 
SUBS.L #4, ERd L | ERd32-4 > ERd32 2 —}—]—|-}]— 2 
DEC.B Rd B | Rd8-1 — Rd8& 2 cama a a lf 2 
DEC.W #1, Rd W | Rd16-1 > Rd16 2 oe a dR 2 
DEC.W #2, Rd W | Rd16-2 > Rd16 2 SVP) |e |e 2 
DEC.L #1, ERd L | ERd32-1 — ERd32 2 —I PP) ape 2 
DEC.L #2, ERd L | ERd32-2 > ERd32 2 ed ee aca 2 
DAS.Rd B | Rd8 decimal adjust 2 sa Bea Fad cal Fo 2 
— Rd8 
MULXU. B Rs, Rd B | Rd8 x Rs8 > Rd16 2 —}—J]—|-—}]— 14 
(unsigned multiplication) 
MULXU. W Rs, ERd W | Rd16 x Rs16 > ERd32 2 —}—]—|-}]— 22 
(unsigned multiplication) 
MULXS. B Rs, Rd B | Rd8 x Rs8 > Rd16 4 —|t}PJ-J- 16 
(signed multiplication) 
MULXS. W Rs, ERd W | Rd16 x Rs16 > ERd32 4 —|P}PJ—-J- 24 
(signed multiplication) 
DIVXU. B Rs, Rd B | Rd16 + Rs8 > Rd16 2 —!1@©/@|—|— 14 
(RdH: remainder, 
RdL: quotient) 
(unsigned division) 
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Table A-1 Instruction Set (cont) 











































































































Addressing Mode and No. of 
Instruction Length (bytes) States “1 
PS 
8 i 
oO = 3 
2 & is Oo = 3 
S £ |W) ag ConditionCode | 5 
5 x|-/G/3|4/ sis © 5 | 3 
Mnemonic © | Operation E/2£/G/O/G|O/ 6/6 HIN|Z\vic|z2 < 
DIVXU. W Rs, ERd W | ERd32 + Rs16 ~ERd32 2 —|©|@|—|— 22 
(Ed: remainder, 
Rd: quotient) 
(unsigned division) 
DIVXS. B Rs, Rd B | Rd16 + Rs8 — Rd16 4 —|®|@|—|— 16 
(RdH: remainder, 
RdL: quotient) 
(signed division) 
DIVXS. W Rs, ERd W | ERd32 + Rs16 > ERd32 4 —|®|@|—|— 24 
(Ed: remainder, 
Rd: quotient) 
(signed division) 
CMP.B #xx:8, Rd B | Rd8-#xx:8 2 Tytytytyt 2 
CMP.B Rs, Rd B | Rd8—-Rs8 2 tytytytyt 2 
CMP.W #xx:16, Rd W | Rd16—-#xx:16 4 Ola earn 4 
CMP.W Rs, Rd W | Rd16—-Rs16 2 Ola aan 2 
CMP.L #xx:32, ERd L | ERd32-#xx:32 6 @llriti tid 4 
CMP.L ERs, ERd L | ERd32-ERs32 2 @ltiri rid 2 
NEG.B Rd B | 0-Rd8 — Rd8& 2 Tytytytyt 2 
NEG.W Rd W | 0-Rd16 > Rd16 2 Od 2 
NEG.L ERd L | 0-ERd32 —> ERd32 2 tytytytyt 2 
EXTU.W Rd W | 0 > (<bits 15 to 8> 2 —/0}/t}o0;— 2 
of Rd16) 
EXTU.L ERd L | 0 > (<bits 31 to 16> 2 —/0}t)o0|j— 2 
of ERd32) 
EXTS.W Rd W | (<bit 7> of Rd16) > 2 —/t}tjolj— 2 
(<bits 15 to 8> of Rd16) 
EXTS.L ERd L | (<bit 15> of ERd32) > 2 —/t}tjolj— 2 
(<bits 31 to 16> of 
ERd32) 
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Table A-1 Instruction Set (cont) 


3. Logic instructions 



















































































Addressing Mode and No. of 
Instruction Length (bytes) States “1 
+ 

: Ele) |s te lhe 

s 2 & = i g S & Condition Code E g 

Mnemonic 6 | Operation ElE/@/8|@/ 6] | H|N/Z/V 2 2 
AND.B #xx:8, Rd B | Rd8a#xx:8 — Rd8& 2 —|—|t]}/t]0 2 
AND.B Rs, Rd B | Rd8ARs8 —> Rd8& 2 —|—|t]}/t]0 2 
AND.W #xx:16, Rd W | Rd16,#xx:16 > Rd16 4 —|—|t]/t]0 4 
AND.W Rs, Rd W | Rd16,Rs16 > Rd16 2 —|—|t]/t]0 2 
AND.L #xx:32, ERd L | ERd32a#xx:32 > ERd32 | 6 —|—|t]/t]0 6 
AND.L ERs, ERd L | ERd32,ERs32 — ERd32 4 —|—|t]/t]0 4 
OR.B #xx:8, Rd B | Rd8v#xx:8 + Rd8 2 —|—|t]t]0 2 
OR.B Rs, Rd B | Rd8vRs8 —> Rd8& 2 —|—|t]/t]0 2 
OR.W #xx:16, Rd W | Rd16v#xx:16 — Rd16 4 —|—|t]/t]0 4 
OR.W Rs, Rd W | Rd16vRs16 > Rd16 2 —|—|t]}/t]0 2 
OR.L #xx:32, ERd L | ERd32v#xx:32 > ERd32 | 6 —|—|t] 2] 0 6 
OR.L ERs, ERd L | ERd32vERs32 > ERd32 4 —|—|t]}/t]0 4 
XOR.B #xx:8, Rd B | Rd8@#xx:8 > Rd8 2 —|—|t]t]0 2 
XOR.B Rs, Rd B | Rd8®Rs8 > Rd8& 2 —|—|t]}/t]0 2 
XOR.W #xx:16, Rd W | Rd16@#xx:16 > Rd16 4 —|—|t]/t]0 4 
XOR.W Rs, Rd W | Rd16@Rs16 > Rd16 2 —|—|t]/t]0 2 
XOR.L #xx:32, ERd L | ERd32@#xx:32 + ERd32 | 6 —|—|t]/t]0 6 
XOR.L ERs, ERd L | ERd32®ERs32 > ERd32 4 —|—|t]/t]0 4 
NOT.B Rd B | = Rd8 > Rd8& 2 —|—|t]/t]0 2 
NOT.W Rd W | = Rd16 > Rd16 2 —|t)t/0 2 
NOT.L ERd L | a Rd32 > Rd32 2 —|t)t}0 2 
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Table A-1 Instruction Set (cont) 


4. Shift instructions 
























































































































































































































































































































































Addressing Mode and No. of 
Instruction Length (bytes) States “1 
+ 

: E|<| |s ie 

s P & 3 i P S & Condition Code E S 

Mnemonic 6 | Operation £/E/0|8|@/6/8|e H/N/z/vic/ 2 2 
SHAL.B Rd B 2 —|—|t}t}t}4 2 
SHAL.W Rd w| Cr Iiee 2 —|—/t}t]t)}¢ 2 
SHAL.L ERd L| MSB LSB 2 —|—j/t}t}t}t 2 
SHAR.B Rd B 2 —|—/t}t]o)? 2 
SHAR.W Rd w} [7h mie 2 —|—/t}t]o)? 2 
SHAR.L ERd L| MSB LSB 2 —|—/t}|t}o}t 2 
SHLL.B Rd B 2 —|—|t}t]o)? 2 
SHLL.W Rd w| Cr eee 2 —|—/t}t]o)? 2 
SHLL.L ERd L| MSB LSB 2 —|—/t]t}o}t 2 
SHLR.B Rd B 2 —|—|/t}t]o)? 2 
SHLR.W Rd wl ?7l mic 2 fs eh] 0/4 2 
SHLR.L ERd L| MSB LSB 2 —|—|t}t}o}t 2 
ROTXL.B Rd B 2 —|—/t}t]o)}? 2 
ROTXL.W Rd Ww er "] 2 —|—/t}t]o)? 2 
ROTXL.L ERd L MSB LSB 2 —|—/t}|t}o}t 2 
ROTXR.B Rd B 2 —|—/t}t]o)? 2 
ROTXR.W Rd w]{" rie 2 — |=}. t-sozh4 2 
ROTXR.L ERd L| MSB + LSB 2 —|—|t]/t]o] 2 
ROTL.B Rd B 2 —|—/t}t]o)? 2 
ROTL.W Rd w| or 2 —j—|t}t]o}t 2 
ROTL.L ERd L MSB ~——— LSB 2 —|—/t}]t}o}t 2 
ROTR.B Rd B 2 —|t/t}o|? 2 
ROTR.W Rd w ig 2 —/t}t}o]+ 2 
ROTR.L ERd L| MSB LSB 2 —|t}/tljo]s 2 
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Table A-1 Instruction Set (cont) 


5. Bit manipulation instructions 


































































































Addressing Mode and No. of 
Instruction Length (bytes) States “1 
z 
N oc 
rr |W 
co) £ @ o 3 
i= Et [S) 
s eo 18 Condition Code | £ 5 
yi x|-/m/s/4/ sisie 5 > 
Mnemonic © | Operation $/x2£/@/G/G/ 6/6) oe H|N/Z/V z 2 
BSET #xx:3, Rd B | (#xx:3 of Rd8) < 1 2 —|—|]—|]— 2 
BSET #xx:3, @ERd B | (#xx:3 of @ERd) < 1 4 —|—|—|— 8 
BSET #xx:3, @aa:8 B | (#xx:3 of @aa:8) < 1 4 pee Pm ed 8 
BSET Rn, Rd B | (Rn8 of Rd8) < 1 2 —|—!-—|— 2 
BSET Rn, @ERd B | (Rn8 of @ERd) < 1 4 —|—|—}]— 8 
BSET Rn, @aa:8 B | (Rn8 of @aa:8) « 1 4 —|—|-—|— 8 
BCLR #xx:3, Rd B | (#xx:3 of Rd8) — 0 2 —|—|]—|]— 2 
BCLR #xx:3, @ERd B | (#xx:3 of @ERd) + 0 4 —|—|—|— 8 
BCLR #xx:3, @aa:8 B | (#xx:3 of @aa:8) « 0 4 —|—|-—|— 8 
BCLR Rn, Rd B | (Rn8 of Rd8) + 0 2 —|-—|-|— 2 
BCLR Rn, @ERd B | (Rn8 of @ERd) + 0 4 a 8 
BCLR Rn, @aa:8 B | (Rn8 of @aa:8) < 0 4 —|—|-—|— 8 
BNOT #xx:3, Rd B | (#xx:3 of Rd8) — 2 —|—|—|]— 2 
a (#xx:3 of Rd8) 
BNOT #xx:3, @ERd B | (#xx:3 of @ERd) — 4 —|—|—|— 8 
a (#xx:3 of @ERd) 
BNOT #xx:3, @aa:8 B | (#xx:3 of @aa:8) — 4 a a 8 
7 (#xx:3 of @aa:8) 
BNOT Rn, Rd B | (Rn8 of Rd8) — 2 =|} Se 2 
= (Rn8 of Rd8) 
BNOT Rn, @ERd B | (Rn8 of @ERd) — 4 —|— J} 8 
= (Rn8 of @ERd) 
BNOT Rn, @aa:8 B | (Rn8 of @aa:8) — 4 —|—|-—|— 8 
a (Rn8 of @aa:8) 
BTST #xx:3, Rd B | 7 (#xx:3 of Rd8) > Z 2 —|—|t}J— 2 
BTST #xx:3, @ERd B | 7 (#xx:3 of @ERd) > Z 4 —|—|t}J— 6 
BTST #xx:3, @aa:8 B | 7 (#xx:3 of @aa:8) > Z 4 —|/—}t}J— 6 
BTST Rn, Rd B | = (Rn8 of @Rd8) > Z 2 |=] P| 2 
BTST Rn, @ERd B | -(Rn8 of @ERd) > Z 4 —l|—!|t}j— 6 
BTST Rn, @aa:8 B | =(Rn8 of @aa:8) > Z 4 —|—|t}/— 6 
BLD #xx:3, Rd B | (#xx:3 of Rd8) > C 2 —|—|—|]— 2 
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Table A-1 Instruction Set (cont) 











































































































Addressing Mode and No. of 
Instruction Length (bytes) States “1 
z 

g fi & 2 @ iti B 3 

s : & = Gl os = & Condition Code E g 

Mnemonic 6| Operation ZIEO SS S/S/Sl 6! | Hin|/z]/vi[c/ 8 3 
BLD #xx:3, @ERd B | (#xx:3 of @ERd) > C 4 —|/—|—|—|? 6 
BLD #xx:3, @aa:8 B | (#xx:3 of @aa:8) > C 4 —/|—|—|—| 1 6 
BILD #xx:3, Rd B | 7 (#xx:3 of Rd8) > C 2 —|/—|—|—|? 2 
BILD #xx:3, @ERd_ | B | 7 (#xx:3 of @ERd) > C 4 —|—|/—|—]| + 6 
BILD #xx:3, @aa:8 B | 7 (#xx:3 of @aa:8) > C 4 SS A) ot 6 
BST #xx:3, Rd B | C > (#xx:3 of Rd8) 2 ed ee ee 2 
BST #xx:3, @ERd B | C > (#xx:3 of @ERd24) 4 —|—)/—|—-|-— 8 
BST #xx:3, @aa:8 B | C > (#xx:3 of @aa:8) 4 —|/—/—|/—|— 8 
BIST #xx:3, Rd B | 3C > (#xx:3 of Rd8) 2 —/—|—|-|— 2 
BIST #xx:3, @ERd B | -C > (#xx:3 of @ERd24) 4 —|—|—|/—|]— 8 
BIST #xx:3, @aa:8 B | ~C > (#xx:3 of @aa:8) 4 JS pe J J 8 
BAND #xx:3, Rd B | Ca(#xx:3 of Rd8) > C 2 —|/—|—|—|? 2 
BAND #xx:3, @ERd | B | Ca(#xx:3 of @ERd24) > C 4 —/—|—|—| + 6 
BAND #xx:3, @aa:8 | B | Ca(#xx:3 of @aa:8) > C 4 —/|—|—|—| 1 6 
BIAND #xx:3, Rd B | Ca 7 (#xx:3 of Rd8) > C 2 —|—|—|/—|¢t 2 
BIAND #xx:3, @ERd | B | Ca - (#xx:3 of @ERd24) > C 4 —/—|—|—| + 6 
BIAND #xx:3, @aa:8 | B | Ca 7 (#xx:3 of @aa:8) > C 4 —|—|—|—|1t 6 
BOR #xx:3, Rd B | Cv(#xx:3 of Rd8) > C 2 —/|—|—|—|t 2 
BOR #xx:3, @ERd_ | B | Cv(#xx:3 of @ERd24) > C 4 —|—|—|—| 4 6 
BOR #xx:3, @aa:8 | B | Cv(#xx:3 of @aa:8) > C 4 ene a ene ee aes 6 
BIOR #xx:3, Rd B | Cv - (#xx:3 of Rd8) > C 2 —|/—|—|—|? 2 
BIOR #xx:3, @ERd | B | Cv - (#xx:3 of @ERd24) > C 4 S| )—|—] ¢ 6 
BIOR #xx:3, @aa:8 | B | Cv - (#xx:3 of @aa:8) > C 4 —|/—/—|—| 1+ 6 
BXOR #xx:3, Rd B | C@(#xx:3 of Rd8) > C 2 —|—/—|—| + 2 
BXOR #xx:3, @ERd | B | C@(#xx:3 of @ERd24) > C 4 —/—|—|—| + 6 
BXOR #xx:3, @aa:8 | B | C@(#xx:3 of @aa:8) > C 4 —|—/—/—| ¢ 6 
BIXOR #xx:3, Rd B | C@ - (#xx:3 of Rd8) > C 2 —|/—|—|—|? 2 
BIXOR #xx:3, @ERd | B | C® - (#xx:3 of @ERd24) > C 4 —/—|—|—| + 6 
BIXOR #xx:3, @aa:8 | B | C@ - (#xx:3 of @aa:8) > C 4 —|—|/—|—| + 6 
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Table A-1 Instruction Set (cont) 


6. Branching instructions 





































































































































































































Addressing Mode and No. of 
Instruction Length (bytes) States “1 
: 

a = ® Ze 3 

E | ti F: a 8 Condition Code | © 2 

, B | ccoration | eat, (ele lHIS ti gieS ae: 

Mnemonic © | Operation | Condition | |2|@/©@| ©] ©} 6} 6} | H|IN/ZI/V z m4 
BRA d:8 (BT d:8) —| If condition | Always 2 —|/—|/—|/— 4 
BRA d:16 (BT d:16) | —| |S tue then 4 a 6 

PC < 

BRN d:8 (BF d:8) —] PCadelse | Never 2 —|—|—|— 4 
BRN d:16 (BF d:16) | —| next; 4 i 6 
BHI d:8 _— CvZ=0 2 —|—|/—|— 4 
BHI d:16 = 4 as Ft a Fd 6 
BLS d:8 — Cvz=1 2 —|—|—|— 4 
BLS d:16 —_— 4 ee | eae (ei 6 
BCC d:8 (BHS d:8) _ Cc=0 2 ee es eee pe 4 
BCC d:16 (BHS d:16) | — 4 Fa ie |e 6 
BCS d:8 (BLO d:8) _ C=1 2 —/—}|—|— 4 
BCS d:16 (BLO d:16) | — 4 as 6 
BNE d:8 _— Z=0 2 —|—|—|— 4 
BNE d:16 = 4 ns 6 
BEQ d:8 — Z=1 2 zee pe 4 
BEQ d:16 —_— 4 a ee ee Pas 6 
BVC d:8 = V=0 2 ia (eee ee ae 4 
BVC d:16 —_— 4 2 Sale salts | 6 
BVS d:8 = V=1 2 —}|—}—]— 4 
BVS d:16 _— 4 ame ae ees ee 6 
BPL d:8 = N=0 2 —|—|—|— 4 
BPL d:16 — 4 ee (|e ee 6 
BMI d:8 —_ N=1 2 a ee ed ee 4 
BMI d:16 = 4 aes eee ed ae 6 
BGE d:8 _ N@V =0 2 —|—|—|— 4 
BGE d:16 = 4 —|—|—|— 6 
BLT d:8 — N@V =1 2 =|) 4 
BLT d:16 = 4 ns ed 6 
BGT 4:8 = Zv (N@V) 2 Se ae 4 
BGT 4:16 = 7 4 ae (a ae 6 
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Table A-1 Instruction Set (cont) 



























































Addressing Mode and No. of 
Instruction Length (bytes) States “1 
PS 
S c 
o = 3 
2 & 2 S @ @ 3 
6 is oc Condition Code 
3 Branch |x| _ |S | 5/4) g/3/6 E | § 
Mnemonic © | Operation| Condition |# |x) @|@| | @| |e H|N|Z|\V z < 
BLE d:8 —| If condition |Z v (N®V) =0 2 —|—|/—|— 4 
BLE d:16 —|istwe 7 (New =1 4 a ee 6 
then PC — 
PC+d else 
next; 
JMP @ERn —|PC<ERn 2 —|—|/—|— 4 
JMP @aa:24 —| PC < aa:24 4 —|—|/—|— 6 
JMP @@aa:8 —| PC «+ @aa:8 2 —|—|-|-— 8 10 
BSR 4:8 —]|PC— @-SP 2 —|/—|—-|— 6 8 
PC < PC+d:8 
BSR d:16 —| PC > @-SP 4 —)/—|—|— 8 10 
PC < PC+d:16 
JSR @ERn —]| PC — @-SP 2 —/—|-|-— 6 8 
PC «+ @ERn 
JSR @aa:24 —| PC > @-SP 4 aa een ee Pa 8 | 10 
PC « @aa:24 
JSR @@aa:8 —]| PC — @-SP 2 —|/—|-|-— 8 12 
PC < @aa:8 
RTS —J| PC + @SP+ ed 8 | 10 
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Table A-1 Instruction Set (cont) 


7. System control instructions 

























































































Addressing Mode and No. of 
Instruction Length (bytes) States “1 
Z 
g a 
Oo = ® Ze 3 
z ele 5) = 8 
S £/ Wo 18 Condition Code | £ = 
o | Gis/4#|/ s/s) 3 
Mnemonic © | Operation #/x2/@/G/G/6/ 6/6 IIH|IN|z/vic| 3 < 
TRAPA #x:2 —| PC > @-SP 1/—/—/—/—|—] 14 | 16 
CCR > @-SP 
<vector> — PC 
RTE —| CCR < @SP+ t]t] tty ty 10 
PC — @SP+ 
SLEEP —| Transition to power- —|/—|—|—}-—|— 2 
down state 
LDC #xx:8, CCR B | #xx:8 = CCR 2 PD [etl ite pal ed 2 
LDC Rs, CCR B | Rs8 > CCR 2 Pityty ty ty 2 
LDC @ERs, CCR W | @ERs > CCR 4 Pity ty ry ty s 6 
LDC @(d:16, ERs), W| @(d:16, ERs) > CCR 6 ty ty tytytys 8 
CCR 
LDC @(d:24, ERs), W| @(d:24, ERs) > CCR 10 ty tity tytys 12 
CCR 
LDC @ERs+, CCR W | @ERs > CCR 4 Tytyti tity 8 
ERs32+2 > ERs32 
LDC @aa:16, CCR W | @aa:16 > CCR 6 Tytyti tity 8 
LDC @aa:24, CCR W) @aa:24 > CCR 8 cia Pe pean Pad ea Pe 10 
STC CCR, Rd B | CCR > Rd8 2 —/—|—|—|-—|-— 2 
STC CCR, @ERd W) CCR > @ERd 4 —}—|]—}]—-—}-—|— 6 
STC CCR, @(d:16, W | CCR > @(d:16, ERd) 6 —|—|]—|—|-—|— 8 
ERd) 
STC CCR, @(d:24, W| CCR > @(d:24, ERd) 10 —|—|—|—J—J]— 12 
ERd) 
STC CCR, @-ERd W | ERd32-2 > ERd32 4 —}]—|]—}]—}-—|— 8 
CCR > @ERd 
STC CCR, @aa:16 W | CCR > @aa:16 6 —/—)|—|-|-|-— 8 
STC CCR, @aa:24 W | CCR > @aa:24 8 —|—/—|—|-—|— 10 
ANDC #xx:8, CCR B | CCRa#xx:8 = CCR 2 xiae| eta fear Pea ta 2 
ORC #xx:8, CCR B | CCRv#xx:8 > CCR 2 Tyty titi tit 2 
XORC #xx:8, CCR B | CCR@#xx:8 = CCR 2 yo S| BLS Le] Sy 2 
NOP —| PC « PC+2 —}]—]—}]-—}-—|— 2 
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Table A-1 Instruction Set (cont) 


8. Block transfer instructions 




















Addressing Mode and No. of 
Instruction Length (bytes) States “1 
PS 
3 Ped g o a 8 
s p E = a = & Condition Code iS s 
Mnemonic 6 | Operation Fe elelde Ooo [1 lHlniziviel$ g 
EEPMOV. B —| if R4L #0 then 7. mo | a Us YS 
repeat @R5 — @R6 4n*2 
R5+1 — R5 
R6+1 — R6 
R4L-1 > R4L 
until R4L=0 
else next 
EEPMOV. W —| ifR4#0 then 4 |—|—|—|—]—|— | 8+ 
repeat @R5— @R6 4n*2 
R5+1 — R5 
R6+1 — R6 
R4L-1 > R4 
until R4=0 
else next 




































































Notes: 1. The number of states is the number of states required for execution when the instruction and its 
operands are located in on-chip memory. For other cases see section A.3, Number of States 
Required for Execution. 

2. nis the value set in register R4L or R4. 
@ Set to 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0. 
@ Set to 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0. 
3) Retains its previous value when the result is zero; otherwise cleared to 0. 
@ Set to 1 when the adjustment produces a carry; otherwise retains its previous value. 
©) The number of states required for execution of an instruction that transfers data in 
synchronization with the E clock is variable. 
© Set to 1 when the divisor is negative; otherwise cleared to 0. 
@ Set to 1 when the divisor is zero; otherwise cleared to 0. 
Set to 1 when the quotient is negative; otherwise cleared to 0. 
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A.2 Operation Code Map (1) 





AOW 







































































































































































aNv 3 
OX q 
HO 9 
xans a 
dO v 
xdav 6 
dav 8 
aia JaNvia- HOxig 7] Hola 
eet AONE ey Siqe1 |zv ier) SOM amas fora eer ete e 
‘sig isia | ut0a | Lona | 1asa 
AOW anv | uox | HO 9 
isa 
usr usa dvr aycqe,| Vavel | uu | usa | suu | nxaia | mann | nxaia frxinw | s 
sa | soa | ia | aoa | wa | da | saa | ona | casa | ana | soa | cog | sia | ina | Nusa via | > 
€ 
AON 
Z 
(2) (2) (2) (2) : : : (2) (2) (2) (2) 
zveigey| X8NS dN? zy alge |z'y eigeL one zveiqey| PONY | PHOX | PHO ey aiges jzv adel levees ievemer| | 
(2) (2) (2) (2) 
zy qae, | XI0V AOW Bee ed les eae dav om | oanv | oH0x | ovo | om | ols | Sie, | dON 0 
4 4 a fe) a v 6 8 Z 9 s y € z | | 0 a 
W 
“T SI Hg Jo 11g UROTJIUSIS sow USYM UONONNSUT | 
Td | Hd | TV | HV 
‘0 ST Hq JO 11q JUROTTUSIS Iso UdYM UOTONTsUT —— akg puz | aiXq is] | :apoo uononnsuy 
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Operation Code Map (2) 
























































































































































anv OX yO ans dO | aav AOW ve 
anv YOX yO ans dO | aav AOW 6L 
ag 194 a Eloy=| wa 1da SAd OA oad 3Nq soa 908 sig IHd | Nua vua 8g 
do sva di 
oad o3a ans oad oad sans al 
ans oad vi 
S1xa S1X4 AN SAN NLX4 NLX4 LON LON Zk 
YOY uLod YXLOY YXLOY €L 
LOY 7LOY TXLOY 1X.LOY rae 
YVHS yVHS WHS WHS Lk 
WHS WHS THS TNHS OL 
AOW va do 
ONI ONI saav ONI ONI saav ao 
aav ONI vo 
a Sal Sap etan lca eel dams oLs/oan | AOW 10 
4 E] a 3) a v 6 8 Zz 9 S v € z | Ib 0 a i 
Td | Hd | TV | HV 
a1dq puz | o14q 1ST sapoo UOTJONISUyT 
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“play Ssauppe aynjosqe ay) s| ee “Zz 
“play uoleuBblsep 19}s1694 84} SI 4 “| :SO}ON 





yoda 


LON@ 


1Asa 


zLeedl 





isla 
isd 


yoda 


LONS 





1Asa 





Zz. Geel 








qd 
qa 





ONvIa 
anva 





YOXIa 
YOxd 


Yola 
YO 





1siq 


ZeLOCFL 








1siq 


zx 9PPAL 





yoda 


LONE 


1Asa 


1420102 





isid 
isa 


yoda 


LONS 





1Asa 





1 90!0Z 








qd 
qa 


ONvia 
aNnva 


YOXIa 
YOxd 


Yold 
YO 


1siq 


1x ZOIDZ 





1siq 





1x Q90IDL 





GNvV 





YOx 





YO 





90410 








SXAIC 


SXAIG 


soato 





SXTNW 





SXTNW 





SOO10 





ols 
oqa1 


OLS 


oqa1 


ols 


oqa1 


ols 
oqa1 


90710 
























































HO1d 
Hav 
HV 


ale) 
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Operation Code Map (3) 


“TL SE Hq Jo iq JueoT1USts Jsou UaYM UOTONTsSUT +7] 


‘Td | Hd | 10 | HO | Ta | Ha | TV | HV 
‘0 SEH Jo 11q JuRoTJIUSIS sou UDYM UOTON.SUT Th 


a14q Wy | a14q prg_| 214q pug | Aq 1ST 
































sopoo UOTFoNASUy 





A.3 Number of States Required for Execution 


The tables in this section can be used to calculate the number of states required for instruction 
execution by the H8/300H CPU. Table A-3 indicates the number of instruction fetch, data 
read/write, and other cycles occurring in each instruction. Table A-2 indicates the number of states 
required per cycle according to the bus size. The number of states required for execution of an 
instruction can be calculated from these two tables as follows: 


Number of states =I x Sy +JxXSy+KxXSxK+LxSp+MxSy+Nx Sy 
Examples of Calculation of Number of States Required for Execution 


Examples: Advanced mode, stack located in external address space, on-chip supporting modules 
accessed with 8-bit bus width, external devices accessed in three states with one wait state and 
16-bit bus width. 


BSET #0, @FFFFC7:8 





From table A-3, 1=L=2 andJ=K=M=N=0 
From table A-2, S; = 4 and Sy = 3 
Number of states =2*4+2x3=14 


JSR @@30 
From table A-3, l= J=K=2 andL=M=N=0 


From table A-2, Sy = S;=S, =4 
Number of states =2*4+2x4+2x4=24 
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Table A-2 Number of States per Cycle 


Access Conditions 
































On-Chip Sup- External Device 
porting Module 8-Bit Bus 16-Bit Bus 
On-Chip 8-Bit 16-Bit 2-State 3-State 2-State 3-State 
Cycle Memory Bus Bus Access Access Access Access 
Instruction fetch Ss; 2 6 3 4 6+2m 2 34+m 
Branch address read Sy, 
Stack operation Sk 
Byte data access SL 3 2 3+m 
Word data access Su 6 4 6+2m 
Internal operation SN 1 
Legend 


m: Number of wait states inserted into external device access 
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Table A-3 Number of Cycles per Instruction 


Instruction Branch Stack Byte Data Word Data Internal 
Fetch Addr. Read Operation Access Access Operation 
Instruction Mnemonic I J K L M N 


ADD ADD.B #xx:8, Rd 
ADD.B Rs, Rd 
ADD.W #xx:16, Rd 
ADD.W Rs, Rd 
ADD.L #xx:32, ERd 
ADD.L ERs, ERd 


ADDS ADDS #1/2/4, ERd 


ADDX ADDX #xx:8, Rd 
ADDX Rs, Rd 


AND AND.B #xx:8, Rd 
AND.B Rs, Rd 
AND.W #xx:16, Rd 
AND.W Rs, Rd 
AND.L #xx:32, ERd 
AND.L ERs, ERd 


ANDC ANDC #xx:8, CCR 


BAND BAND #xx:3, Rd 
BAND #xx:3, @ERd 
BAND #xx:3, @aa:8 


; 
; 
2 
1 
3 
1 
1 
1 
1 
1 
1 
2 
1 
3 
2 
1 
1 
2 
2 

Bec BRA d:8 (BT d:8) 2 

BRN d:8 (BF d:8) 2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 




















BHI d:8 

BLS d:8 

BCC d:8 (BHS d:8) 
BCS d:8 (BLO d:8) 
BNE d:8 

BEQ d:8 

BVC d:8 

BVS d:8 

BPL d:8 

BMI d:8 

BGE d:8 

BLT d:8 

BGT d:8 

BLE d:8 
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Table A-3 Number of Cycles per Instruction (cont) 


Instruction Mnemonic 


Bcc 


BRA d:16 (BT d:16) 
BRN d:16 (BF d:16) 
BHI d:16 

BLS d:16 

BCC d:16 (BHS d:16) 
BCS d:16 (BLO d:16) 
BNE d:16 

BEQ d:16 

BVC 4:16 

BVS d:16 

BPL d:16 

BMI d:16 

BGE d:16 

BLT d:16 

BGT d:16 

BLE d:16 


Instruction Branch 
Addr. Read Operation Access 


Fetch 
I 


PNNNNNNNNNNNNNND PY 


J 


Stack 


K 


Byte Data Word Data Internal 


L 


Access 


Operation 
N 


PNNNNNNNNNNNNN D PP 





BCLR 


BCLR #xx:3, Rd 
BCLR #xx:3, @ERd 
BCLR #xx:3, @aa:8 
BCLR Rn, Rd 
BCLR Rn, @ERd 
BCLR Rn, @aa:8 





BIAND 


BIAND #xx:3, Rd 
BIAND #xx:3, @ERd 
BIAND #xx:3, @aa:8 





BILD 


BILD #xx:3, Rd 
BILD #xx:3, @ERd 
BILD #xx:3, @aa:8 


MONH-|NONH|NNANN = 





BIOR 


BIOR #xx:8, Rd 
BIOR #xx:8, @ERd 
BIOR #xx:8, @aa:8 





BIST 


BIST #xx:3, Rd 
BIST #xx:3, @ERd 
BIST #xx:3, @aa:8 





BIXOR 


BIXOR #xx:3, Rd 
BIXOR #xx:3, @ERd 
BIXOR #xx:3, @aa:8 


MPNH-|NNH|NN = 





BLD 


BLD #xx:3, Rd 
BLD #xx:3, @ERd 
BLD #xx:3, @aa:8 


pnw + 
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Table A-3 Number of Cycles per Instruction (cont) 


Instruction Branch Stack Byte Data Word Data Internal 
Fetch Addr. Read Operation Access Access Operation 
Instruction Mnemonic I J K L M N 


BNOT BNOT #xx:3, Rd 
BNOT #xx:3, @ERd 
BNOT #xx:3, @aa:8 
BNOT Rn, Rd 
BNOT Rn, @ERd 
BNOT Rn, @aa:8 


BOR BOR #xx:3, Rd 
BOR #xx:3, @ERd 
BOR #xx:3, @aa:8 





MPNH-|NNHNND = 
ne) 





BSET BSET #xx:3, Rd 
BSET #xx:3, @ERd 
BSET #xx:3, @aa:8 
BSET Rn, Rd 
BSET Rn, @ERd 
BSET Rn, @aa:8 





BSR BSR d:8 Normal 
Advanced 
BSR d:16 Normal 











NVI NININMNI/NHNONANN= 
ine) 


mp} +] Pp 


Advanced 


BST BST #xx:3, Rd 
BST #xx:3, @ERd 
BST #xx:3, @aa:8 


BTST BTST #xx:3, Rd 
BTST #xx:3, @ERd 
BTST #xx:3, @aa:8 
BTST Rn, Rd 
BTST Rn, @ERd 
BTST Rn, @aa:8 


BXOR BXOR #xx:3, Rd 
BXOR #xx:3, @ERd 
BXOR #xx:3, @aa:8 


CMP CMP.B #xx:8, Rd 
CMP.B Rs, Rd 
CMP.W #xx:16, Rd 
CMP.W Rs, Rd 
CMP.L #xx:32, ERd 
CMP.L ERs, ERd 


DAA DAA Rd 











MONH|NNHNNH| NN = 
= 








=/42 0432p 22 





= 


DAS DAS Rd 
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Table A-3 Number of Cycles per Instruction (cont) 
























































Instruction Branch Stack Byte Data Word Data Internal 
Fetch Addr. Read Operation Access Access Operation 
Instruction Mnemonic I J K L M N 
DEC DEC.B Rd 1 
DEC.W #1/2, Rd 1 
DEC.L #1/2, ERd 1 
DIVXS DIVXS.B Rs, Rd 2 12 
DIVXS.W Rs, ERd 2 20 
DIVXU DIVXU.B Rs, Rd 1 12 
DIVXU.W Rs, ERd 1 20 
EEPMOV EEPMOV.B 2 2n + 2*2 
EEPMOV.W 2 2n + 2*2 
EXTS EXTS.W Rd 1 
EXTS.L ERd 1 
EXTU EXTU.W Rd 1 
EXTU.L ERd 1 
INC INC.B Rd 1 
INC.W #1/2, Rd 1 
INC.L #1/2, ERd 1 
JMP JMP @ERn 2 
JMP @aa:24 2 
JMP @@aa:8 Normal 2 1 
Advanced 2 2 
JSR JSR @ERn Normal 2 1 
Advanced 2 2 
JSR @aa:24 Normal 2 1 
Advanced 2 2 
JSR @@aa:8 Normal 2 1 1 
Advanced 2 2 2 
LDC LDC #xx:8, CCR 1 
LDC Rs, CCR 1 
LDC @ERs, CCR 2 


LDC @(d:16, ERs), CCR 3 
LDC @(d:24, ERs), CCR 5 
LDC @ERs+, CCR 2 
LDC @aa:16, CCR 3 
LDC @aa:24, CCR 4 


oe ee ee Cee Oe 
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Table A-3 Number of Cycles per Instruction (cont) 


Instruction Branch 
Fetch 


Instruction Mnemonic l 


MOV 


MOV.B #xx:8, Rd 1 
MOV.B Rs, Rd 1 
MOV.B @ERs, Rd 1 
MOV.B @(d:16, ERs), Rd 2 
MOV.B @(d:24, ERs), Rd 4 
MOV.B @ERs+, Rd 1 
MOV.B @aa:8, Rd 1 
MOV.B @aa:16, Rd 2 
MOV.B @aa:24, Rd 3 
MOV.B Rs, @ERd 1 
MOV.B Rs, @(d:16, ERd) 2 
MOV.B Rs, @(d:24, ERd) 4 
MOV.B Rs, @—-ERd 1 
MOV.B Rs, @aa:8 1 
MOV.B Rs, @aa:16 2 
MOV.B Rs, @aa:24 3 
MOV.W #xx:16, Rd 2 
MOV.W Rs, Rd 1 
MOV.W @ERs, Rd 1 
MOV.W @(d:16, ERs), Rd 2 
MOV.W @(d:24, ERs), Rd 4 
MOV.W @ERs+, Rd 1 
MOV.W @aa:16, Rd 2 
MOV.W @aa:24, Rd 3 
MOV.W Rs, @ERd 1 
MOV.W Rs, @(d:16, ERd) 2 
MOV.W Rs, @(d:24, ERd) 4 
MOV.W Rs, @—-ERd 1 
MOV.W Rs, @aa:16 2 
MOV.W Rs, @aa:24 3 
MOV.L #xx:32, ERd 3 
MOV.L ERs, ERd 1 
MOV.L @ERs, ERd 2 
MOV.L @(d:16, ERs), ERd 3 
MOV.L @(d:24, ERs), ERd 5 
MOV.L @ERs+, ERd 2 
MOV.L @aa:16, ERd 3 
MOV.L @aa:24, ERd 4 
MOV.L ERs, @ERd 2 
MOV.L ERs, @(d:16, ERd) 3 
MOV.L ERs, @(d:24, ERd) 5 
MOV.L ERs, @—-ERd 2 
MOV.L ERs, @aa:16 3 
MOV.L ERs, @aa:24 4 


J 
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Stack 
Addr. Read Operation Access 


K 


Byte Data Word Data Internal 


L 


Access 
M 


FC Ce ae ee CC Cre Cs Cs Ce 


MNNMNNNNNNNNNN ND 


Operation 
N 


Table A-3 Number of Cycles per Instruction (cont) 


Instruction Branch Stack Byte Data Word Data Internal 
Fetch Addr. Read Operation Access Access Operation 
Instruction Mnemonic I J K L M N 


MOVFPE MOVFPE @aa:16, Rd* 1 





MOVTPE MOVTPE Rs, @aa:16* 1 





MULXS MULXS.B Rs, Rd 
MULXS.W Rs, ERd 


12 
20 





MULXU MULXU.B Rs, Rd 
MULXU.W Rs, ERd 


12 
20 





NEG NEG.B Rd 
NEG.W Rd 
NEG.L ERd 


= 3 3/3 4/]pp!]p/]p 





NOP NOP 





NOT NOT.B Rd 
NOT.W Rd 
NOT.L ERd 


ao oa] oa 





OR OR.B #xx:8, Rd 
OR.B Rs, Rd 
OR.W #xx:16, Rd 
OR.W Rs, Rd 
OR.L #xx:32, ERd 
OR.L ERs, ERd 





=/pooAnwmHia 


ORC ORC #xx:8, CCR 





POP POP.W Rn 
POP.L ERn 


ho = 





PUSH PUSH.W Rn 
PUSH.L ERn 


eee 
pPH| hwy 
MOM] MP 





ROTL ROTL.B Rd 
ROTL.W Rd 
ROTL.L ERd 





ROTR ROTR.B Rd 
ROTR.W Rd 
ROTR.L ERd 





ROTXL ROTXL.B Rd 
ROTXL.W Rd 
ROTXL.L ERd 


Fa ee es i ree Crees Cee ee Cee 





ROTXR ROTXR.B Rd 
ROTXR.W Rd 
ROTXR.L ERd 


=a oo 





RTE RTE 2 2 2 
Note: * Not available in the H8/3042 Series. 
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Table A-3 Number of Cycles per Instruction (cont) 


Instruction Branch Stack Byte Data Word Data Internal 
Fetch Addr. Read Operation Access Access Operation 
Instruction Mnemonic I J K L M N 


RTS RTS Normal 2 1 2 
Advanced 2 2 2 
1 
1 
1 








SHAL SHAL.B Rd 
SHAL.W Rd 
SHAL.L ERd 


SHAR SHAR.B Rd 
SHAR.W Rd 
SHAR.L ERd 


SHLL SHLL.B Rd 
SHLL.W Rd 
SHLL.L ERd 


SHLR SHLR.B Rd 
SHLR.W Rd 
SHLR.L ERd 


SLEEP SLEEP 


STC STC CCR, Rd 
STC CCR, @ERd 
STC CCR, @(d:16, ERd) 
STC CCR, @(d:24, ERd) 
STC CCR, @-ERd 
STC CCR, @aa:16 
STC CCR, @aa:24 


SUB SUB.B Rs, Rd 
SUB.W #xx:16, Rd 
SUB.W Rs, Rd 
SUB.L #xx:32, ERd 
SUB.L ERs, ERd 


SUBS SUBS #1/2/4, ERd 


SUBX SUBX #xx:8, Rd 
SUBX Rs, Rd 


TRAPA TRAPA #x:2 Normal 
Advanced 
XOR XOR.B #xx:8, Rd 
XOR.B Rs, Rd 
XOR.W #xx:16, Rd 
XOR.W Rs, Rd 


XOR.L #xx:32, ERd 
XOR.L ERs, ERd 


XORC XORC #xx:8, CCR 


Notes: 1. nis the value set in register R4L or R4. The source and destination are accessed n + 1 times each. 
2. Not available in the H8/3042 Series. 











Fa ee ee a ree Cree ee eee Cee Ce 














]-~)/-+- WHNMH| FR WONOAWD H] H 





—a 
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Appendix B_ Register Field 


B.1 Register Addresses and Bit Names 
























































DMAC: DMA cortroller 





Data 

Address Register Bus Bit Names 

(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name 

H'1C 

H'1D 

H1E 

H'1F 

H'20 MAROAR_ 8 DMAC 

H'21 MAROAE 8 channel 0A 

H'22 MAROAH 8 

H'23 MAROAL 8 

H'24 ETCROAH 8 

H'25 ETCROAL 8 

H'26 IOAROA 8 

H'27 DTCROA 8 DTE DTSZ DTID RPE DTIE DTS2 DTS1 DTSO Short 
address 
mode 

DTE DTSZ = SAID SAIDE DTIE DTS2A DTS1A DTSOA Full 

address 
mode 

H'28 MAROBR- 8 DMACG 

H'29 MAROBE 8 channel 0B 

H'2A MAROBH 8 

H'2B MAROBL 8 

H'2C ETCROBH 8 

H'2D ETCROBL 8 

H'2E IOAROB 8 

H'2F DTCROB 8 DTE DTSZ DTID RPE DTIE DTS2 DTS1 DTSO Short 
address 
mode 

DTME — DAID DAIDE TMS DTS2B DTS1B DTSOB Full 

address 
mode 

Legend 


(Continued on next page) 
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(Continued from preceding page) 







































































































































































Data 

Address Register Bus Bit Names 

(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name 

H'30 MAR1IAR_ 8 DMACG 

H'31 MARAE 8 channel 1A 

H'32 MAR1AH_ 8 

H'33 MARIAL 8 

H'34 ETCR1AH 8 

H'35 ETCRIAL 8 

H'36 IOAR1A 8 

H'37 DTCRIA 8 DTE DTSZ  ODTID RPE DTIE DTS2 DTS1 DTSO Short 
address 
mode 

DTE DTSZ SAID SAIDE DTIE DTS2A DTS1A DTSOA Full 

address 
mode 

H'38 MAR1IBR_~ 8 DMACG 

H'39 MAR1BE 8 channel 1B 

H'3A MAR1BH_ 8 

H'3B MARIBL 8 

H'3C ETCR1iBH 8 

H'3D ETCRIBL 8 

H'3E IOAR1B 8 

H'3F DTCR1iB_ 8 DTE DTSZ  ODTID RPE DTIE DTS2 DTS1 DTSO Short 
address 
mode 

DTME — DAID DAIDE TMS DTS2B DTS1B DTSOB Full 

address 
mode 

H'40 

H'41 

H'42 

H'43 

H'44 

H'45 

H'46 

H'47 

H'48 

H'49 

H'4A 

H'4B 

Legend 


DMAC: DMA controller 


(Continued on next page) 
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(Continued from preceding page) 
















































































































































































































































































































































































Data 

Address Register Bus Bit Names 

(low) Name Width Bit7 Bité BitS Bit4 Bits Bit2 Bit1  Bito Module Name 
H'4C 

H'4D 

H'4E 

H'4F 

H'50 

H'51 

H'52 

H'53 

H'54 

H'55 

H'56 

H'57 

H'58 

H'59 

H'5A 

H'5B 

H'5C 

H'5D 

H'5E 

H'SF 

H'60 TSTR 8 = = = STR4 STR3 STR2 STRI STRO ITU 

H'61 TSNC 8 _ — _ SYNC4 SYNC3 SYNC2 SYNCi1 SYNCO _ (all channels) 
H'62 TMDR 8 MDF DIR PWM4 PWM3 PWM2 PWM1 PWMO 

H'63 TFCR 8 a a CMD1 CMDO BFB4 BFA4 BFB3_ BFA3 

H'64 TCRO 8 = CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO  [TUchannel 0 
H'65 TIORO 8 = lIOoB2.s«1OB1~=—s«IOBO. — IOA2«IOA1.~—s«IOAO 

H'66 TIERO 8 OVIE  IMIEB- IMIEA 

H'67 TSRO 8 OVF  IMFB IMFA 

H'68 TCNTOH 16 

H'69 TCNTOL 

H'6A GRAOH 16 

H'6B GRAOL 

H'6C GRBOH 16 

H'6D GRBOL 

H'6E TCR1 8 = CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO  [TUchannel 1 
H'6F TIOR1 8 — lI0B2.—s«1OB1. —s«IOBO. — IOA2s«IOA1.~—s«IOAO 

Legend 


ITU: 16-bit integrated timer unit 


(Continued on next page) 
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(Continued from preceding page) 

















Data . 
Address Register Bus Bit Names 
(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name 
H'70 TIER1 8 OVIE IMIEB- IMIEA ITU channel 1 
H'71 TSR1 8 OVF IMFB IMFA 











H'72 TCNT1H 16 








H'73 TONTIL 
H'74 GRA1H 16 











H'75 GRAIL 
H'76 GRB1H 16 











H'77 GRBIL 





























H'78 TCR2 8 _ CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO ITU channel 2 
H'79 TIOR2 8 _ |OB2 1OB1 IOBO _ IOA2 IOA1 IOAO 

H'7A TIER2 8 OVIE IMIEB- IMIEA 

H'7B TSR2 8 OVF IMFB IMFA 

H'7C TCNT2H 16 








H'7D TONT2L 
H'7E GRA2H 16 











H'7F GRA2L 
H'80 GRB2H 16 









































H'81 GRB2L 

H'82 TCR3 8 _ CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO  ITUchannel3 
H'83 TIOR3 8 _ |OB2 1OB1 IOBO _ IOA2 IOA1 IOAO 

H'84 TIERS 8 OVIE IMIEB- IMIEA 

H'85 TSR3 8 OVF IMFB IMFA 

H'86 TCNT3H 16 








H'87 TONT3L 
H'88 GRA3H 16 











H'89 GRA3L 
H'8A GRB3H 16 











H'8B GRB3L 
H'8C BRASH 16 











H'8D BRASL 
H'8E BRB3H 16 











H'8F BRB3L 




















H'90 TOER 8 = = EXB4 EXA4 EBS  EB4  EA4 EAS ITU 
H'91 TOCR 8 _ _ _ XTGD — a OLS4 OLs3 (all channels) 
H'92 TCR4 8 = CCLR1 CCLRO CKEG! CKEGO TPSC2 TPSC1 TPSCO  [TUchannel 4 
H'93 TIOR4 = 88 _ IOB2. «1OB1. =: 1OBO. — IOA2 = 1OA1_—«IOAO 

Legend 


ITU: 16-bit integrated timer unit 


(Continued on next page) 
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Data 
Address Register Bus Bit Names 
(low) Name Width Bit7 Bit6 BitS Bit4 Bits Bit2 Biti Bito Module Name 
H'94 TIER4 8 OVIE IMIEB IMIEA  |TUchannel 4 
H'95 TSR4 8 OVF  IMFB IMFA 
H'96 TCNT4H 16 
H'97 TCNT4L 
H'98 GRA4H 16 
H'99 GRAAL 
H'9A GRB4H = 16 
H'9B GRB4L 
H'9C BRA4H 16 
H'9D BRA4L 
H'9E BRB4H = 16 
H'9F BRB4L 
H'AO TPMR 8 G3NOV G2NOV GINOV GONOV TPC 
H'At TPCR 8 G3CMS1 G3CMS0 G2CMS1 G2CMS0 G1CMS1 GiCMS0 GOCMS1 GOCMSO 
H'A2 NDERB 8 NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9_ NDER8 
H'AS NDERA 8 NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1 NDERO 
H'A4 NDRB*! 8 NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9 NDR8 
8 NDR15 NDR14 NDR13 NDR12 
H'A5 NDRA*t 8 NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDR1 NDRO 
8 NDR7 NDR6 NDR5 NDR4 
H'AG NDRB*! 8 
8 NDR11 NDR10 NDRQ NDR8 
H'A7 NDRA*! 8 
8 NDR3 NDR2 NDR1 NDRO 
H'A8 TCSR*2 8 OVF WT/IT TME — = CKS2. CKS1 CKSO  WDT 
H'AQ TCNT*2 8 
HAA — 
H'AB RSTCSR*S 8 WRST RSTOE 
H'AC RFSHCR 8 SRFMD PSRAME DRAME CAS/WE M9/M8 PFSHE — RCYCE Refresh 
H'AD RTMCSR 8 CMF CMIE CKS2 CKSi CKSO — _ a controller 
H'AE RTCNT 8 
H'AF RTCOR 8 


Notes: 1. The address depends on the output trigger setting. 


Legend 


ITU: 


2. For write access to TCSR and TCNT, see section 12.2.4, Notes on Register Access. 
3. For write access to RSTCSR, see section 12.2.4, Notes on Register Access. 


16-bit integrated timer unit 


TPC: Programmable timing pattern controller 


WDT: Watchdog timer 


(Continued on next page) 


622 


(Continued from preceding page) 






























































































































































Data 
Address Register Bus Bit Names 
(low) Name Width Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name 
H'BO SMR 8 C/A CHR PE O/E STOP MP CKS1  CKSO SCI channel 0 
H'B1 BRR 8 
H'B2 SCR 8 TIE RIE TE RE MPIE  TEIE CKE1 CKEO 
H'B3 TDR 8 
H'B4 SSR 8 TDRE RDRF ORER- FER PER TEND MPB MPBT 
H'BS RDR 8 
H'B6 _ 
H'B7 _ 
H'B8& SMR 8 C/A CHR PE O/E STOP MP CKS1  CKSO SCI channel 1 
H'B9 BRR 8 
H'BA SCR 8 TIE RIE TE RE MPIE  TEIE CKE1 CKEO 
H'BB TDR 8 
H'BC SSR 8 TDRE RDRF ORER- FER PER TEND MPB MPBT 
H'BD RDR 8 
H'BE _ 
H'BF _ 
HCO +=PIDDR 8 P17DDR P1gDDR P1sDDR P14,DDR P13DDR P1,DDR P1,DDR P19DDR Port 1 
H'C1 P2DDR 8 P2,DDR P2gDDR P2;DDR P24DDR P23DDR P2,DDR P2;DDR P2,DDR_ Port 2 
H'C2—s PIDR 8 Ply = Pig. Pig tg Pgs Pty PAY Pg Port 4 
H'C3.—s P2DR 8 P2, P2g-S «P25 P2gs~#P2g PD PP Port 2 
H'C4.-- P3DDR_—s 8 P37DDR P3gDDR P3sDDR P34DDR P33DDR P3,DDR P3,DDR P3)DDR_ Port 3 
H'C5. = PADDR 8 P4,DDR P4gDDR P4sDDR P44DDR P43DDR P4,DDR P4,;DDR P4)DDR_ Port 4 
HC6 = P3DR-—s«8B P3,~P3g_—S'si«é#P8g-si(itséPBQ=SséPBgSs~PBQ—sé#PB,—~PB) Port 3 
H'C7—s- P4DR 8 P4, P4g = P4g_—s ~P4gSs Pg Py Py Pg Port 4 
H'C8  PS5DDR 8 P5;DDR P5jDDR P5;DDR P59DDR_ Port 5 
H'C9- P6EDDR-—s 8 = P6gDDR P6sDDR P64DDR P6,DDR P6jDDR P6,DDR P6yDDR_ Port 6 
HCA  P5DR 8 P53 ~P5y—s~PBy sé Port 5 
HCB  P6DR 8 = P6s  P6s; Pb, P63 Pb Pb, Pb Port 6 
H'CC _ 
H'CD P8DDR 8 _ — _ P8,DDR P83DDR P8DDR P8;DDR P8&DDR_ Port 8 
H'CE P7DR 8 P77 P76 P75 P74 P73 P75 P7, P79 Port 7 
H'CF —s- P8DR 8 = cz = P8,  P8, P8&  P8&, P8 Port 8 
H'DO0 + P9DDR_—s 8 — — P9s,DDR P94,DDR P93DDR P92DDR P9;DDR P9,DDR Port 9 
H'D1 PADDR 8 PA7DDR PAgDDR PAsDDR PA,DDR PA3DDR PA,DDR PA,DDR PA,DDR Port A 
H'D2—— P9DR 8 = = P95 P94, =—~P93_~— ~PGp~S PG, PY Port 9 
H'D3.—- PADR 8 PA7  PAg = PAgs”-—séPAg.—Ss~PAgSséPApSs PAPA Port A 
Legend 


SCI: Serial communication interface 


(Continued on next page) 
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Data 
Address Register Bus Bit Names 
(low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name 
H'D4 PBDDR 8 PB7DDR PBgDDR PBs5DDR PB4,DDR PB3DDR PB2zDDR PB,;DDR PBgDDR_ Port B 
H'D5 —_— 
H'D6 PBDR 8 PB7 PBg PBs PBy PB3 PBo PB, PBo Port B 
H'D7 —_— 
H'D8 P2PCR P27PCR P2gPCR P25PCR P2,PCR P23PCR P2.PCR P2,;PCR P29PCR_ Port 2 
H'D9 _ 
H'DA P4PCR 8 P47PCR P4gPCR P45PCR P4,PCR P43PCR P4.PCR P4,PCR P4)PCR_ Port 4 
H'DB P5PCR 8 P53PCR P59PCR P5;PCR P5gPCR_ Port 5 
H'DC DADRO 8 D/A converter 
H'DD DADR1 8 
H'DE DACR 8 DAOE1 DAOEO DAE 
HDF — 
H'EO ADDRAH_ 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 A/D converter 
H'E1 ADDRAL 8 AD1 ADO 
H'E2 ADDRBH_ 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 
H'E3 ADDRBL 8 AD1 ADO 
H'E4 ADDRCH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 
H'E5 ADDRCL 8 AD1 ADO 
H'E6 ADDRDH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 
H'E7 ADDRDL 8 AD1 ADO 
H'E8 ADCSR 8 ADF ADIE ADST SCAN CKS CH2 CH1 CHO 
H'E9 ADCR 8 TRGE 
H'EA _— 
H'EB _ 
H'EC ABWCR 8 ABW7 ABW6 ABW5 ABW4 ABW3 ABW2 ABW1 ABWO Bus controller 
H'ED ASTCR 8 AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO 
H'EE WCR 8 WMS1 WMSO WC1 WCO 
H'EF WCER 8 WCE7 WCE6 WCE5 WCE4 WCE3 WCE2 WCE1 WCEO 
HFO 8 — 
H'F1 MDCR 8 MDS2 MDS1 MDSO System control 
H'F2 SYSCR 8 SSBY STS2 STS1 STSO UE NMIEG — RAME 
H'F3 BRCR 8 A23E A22E A21E BRLE Bus controller 
H'F4 ISCR 8 = _ IRQ5SC IRQ4SC IRQ3SC IRQ2SC IRQiSC IRQOSC _ Interrupt 
H'F5 IER 8 = = IRQ5E IRQ4E IRQ3E IRQ2E IRQIE IRQOE controller 
H'F6 ISR 8 _ = IRQ5F IRQ4F IRQ38F IRQ2F IRQIF IRQOF 
H'F7 _ 
H'F8 IPRA 8 IPRA7 IPRA6 IPRA5 IPRA4 IPRA3 IPRA2 IPRA1~ IPRAO 
H'F9 IPRB 8 IPRB7 IPRB6 IPRB5 — IPRB3 IPRB2 IPRB1 — 





(Continued on next page) 
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Data ; 
Address Register Bus _———C—CBbitNamees 
(low) Name Width Bit7 Bité6 BitS Bit4 Bit3 Bit2 Bit1 Bito Module Name 


HFA — 
HFBo — 
HFC — 
HFD  — 
HFE  — 
HFFO — 
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B.2 Register Descriptions 









































Register Register Address to which ;— Name of on-chip 
acronym | name the register is mapped | supporting 
\ | module 
\ | 
TSTR Timer Start Register H'60 ITU (all channels) 
Bit = 
numbers 
Bit 7 6 5 4 3 2 1 0 
Initial bit — = — — STR4 | STR3 | STR2 | STR1 | STRO se ee 
values iti 
Initial value 1 1 1 0 0 0 0 0 Names of the 
Read/Write — — — R/W R/W R/W R/W R/wW bits. Dashes 
(—) indicate 
reserved bits. 




















































































































Possible types of access 
Counter start 0 
R_ | Read only 0 | TCNTO is halted 
W_ | Write only 1 | TCNTO is counting 
R/W | Read and write Counter start 1 ———_H+—_ 
0] TCNT1 is halted ea 
1 | TCNT1 is counting Full name 
of bit 
Counter start 2 
0 | TCNT2 is halted 
1 | TCNT2 is counting 
Counter start 3 Descriptions 
of bit settings 


0 | TCNTS is halted 
TCNTS is counting 




















Counter start 4 
0 | TCNT4 is halted 
TCNT4 is counting 

















= 
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MAROA R/E/H/L—Memory Address Register 0A R/E/H/L H'20, H'21, DMAC0 


Bit 


Initial value 
Read/Write 


Bit 


Initial value 
Read/Write 


H'22, H'23 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 



























































1 1 1 1 1 1 1 1 Undetermined 
- -—- — — — — — — RW RIW RIW R/W R/W R/W R/W R/AW 
X ys POX si J 
MAROAR MAROAE 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 



























































Undetermined Undetermined 
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/AW 





MAROAH MAROAL 


Source or destination address 





627 


ETCROA H/L—Execute Transfer Count Register 0A H/L H'24, H'25 DMACO 


e Short address mode 
























































I/O mode and idle mode 
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 +0 
Initial value Undetermined 


Read/Write R/W R/W R/W R/W R/W RW RW R/W RW R/W R/W R/W R/W R/W R/W OR/W 








Transfer counter 


Repeat mode 


Bit 7 6 5 4 3 2 1 0 



































Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 





ETCROAH 


Transfer counter 





Bit 7 6 5 4 3 2 1 0 



































Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 





ETCROAL 


Initial count 
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ETCROA H/L—Execute Transfer Count Register 0A H/L H'24, H'25 DMACO0 
(cont) 


e Full address mode 


Normal mode 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 
























































Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W 








Transfer counter 


Block transfer mode 


Bit 7 6 5 4 3 2 1 0 



































Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 





ETCROAH 





Block size counter 


Bit 7 6 5 4 3 2 1 0 



































Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 





ETCROAL 


Initial block size 
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IOAROA—I/O Address Register 0A H'26 DMAC0 
Bit 7 6 5 4 3 2 1 0 
Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Short address mode: source or destination address 
Full address mode: not used 
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DTCROA—Data Transfer Control Register 0A H'27 DMAC0 
e Short address mode 
Bit 7 6 5 4 3 2 1 0 

DTE DTSZ DTID RPE DTIE DTS2 DTS1 DTSO 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 









































Data transfer select 
































Bit 2 | Bit1 | Bito 
DTS2)DTS1 | DTSO)| Data Transfer Activation Source 
0 0 0 Compare match/input capture A interrupt from ITU channel 0 
1 Compare match/input capture A interrupt from ITU channel 1 
1 0 Compare match/input capture A interrupt from ITU channel 2 
1 Compare match/input capture A interrupt from ITU channel 3 
1 0 0 SCIO transmit-data-empty interrupt 
1 SCIO receive-data-full interrupt 








1 





* 





Transfer in full address mode 





Data transfer interrupt enable 





0 


Interrupt requested by DTE bit is disabled 





1 











Interrupt requested by DTE bit is enabled 








Repeat enable 





























RPE | DTIE | Description 
0 0 I/O mode 
1 
1 0 Repeat mode 
1 Idle mode 








Data transfer increment/decrement 





0 | Incremented: If DTSZ = 0, MAR is incremented by 1 after each transfer 
If DTSZ = 1, MAR is incremented by 2 after each transfer 














1 | Decremented: If DTSZ = 0, MAR is decremented by 1 after each transfer 
If DTSZ = 1, MAR is decremented by 2 after each transfer 








Data transfer size 





0 | Byte-size transfer 














1 | Word-size transfer 








Data transfer enable 





0 | Data transfer is disabled 














1 | Data transfer is enabled 
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DTCROA—Data Transfer Control Register 0A H'27 DMAC0 


(cont) 


e Full address mode 
































Bit 7 6 5 4 3 2 1 0 
DTE DTSZ SAID | SAIDE | DTIE | DTS2A | DTS1A | DTSOA 

Initial value 0 0 0 0 0 0 0 0 

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 












































Data transfer select 0A 
0 | Normal mode 
1 | Block transfer mode 




















Data transfer select 2A and 1A 
Set both bits to 1 

















Data transfer interrupt enable 
0 | Interrupt request by DTE bit is disabled 
1 | Interrupt request by DTE bit is enabled 




















Source address increment/decrement 





Bit5 | Bit 4 





SAID |SAIDE] Increment/Decrement Enable 





0 0 MARA is held fixed 





1 Incremented: If DTSZ = 0, MARA is incremented by 1 after each transfer 


If DTSZ = 1, MARA is incremented by 2 after each transfer 





1 0 MARA is held fixed 














1 Decremented: If DTSZ = 0, MARA is decremented by 1 after each transfer 


If DTSZ = 1, MARA is decremented by 2 after each transfer 





Data transfer size 
0 | Byte-size transfer 
1 | Wora-size transfer 























Data transfer enable 
0 | Data transfer is disabled 
1 | Data transfer is enabled 
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MAROB R/E/H/L—Memory Address Register 0B R/E/H/L H'28, H'29, DMAC0 


Bit 


Initial value 
Read/Write 


Bit 


Initial value 
Read/Write 


H'2A, H'2B 


31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 



























































1 1 1 1 1 1 1 1 Undetermined 
- -—- — — — — — — RWW RW RIW R/W R/W R/W R/W R/AW 
Ny ae Bh. foes / 
MAROBR MAROBE 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 






























































Undetermined Undetermined 
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W 
JX oy 
MAROBH MAROBL 





Source or destination address 
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ETCROB H/L—Execute Transfer Count Register 0B H/L H'2C, H'2D DMACO 


e Short address mode 
























































I/O mode and idle mode 
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Initial value Undetermined 


Read/Write R/W R/W R/W R/W R/W RW RW RW RW R/W R/W R/W R/W R/W R/W OR/W 








Transfer counter 


Repeat mode 


Bit 7 6 5 4 3 2 1 0 



































Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 





ETCROBH 


Transfer counter 





Bit 7 6 5 4 3 2 1 0 



































Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 





ETCROBL 


Initial count 
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ETCROB H/L—Execute Transfer Count Register 0B H/L H'2C, H'2D DMAC0 
(cont) 


e Full address mode 


Normal mode 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 
























































Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W 






























































Not used 
Block transfer mode 
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #O 
Initial value Undetermined 


Read/Write R/W R/W R/W R/W R/W R/W RW R/W RIW R/W R/W R/W R/W R/W R/W OR/W 








Block transfer counter 



































IOAROB—I/O Address Register 0B H'2E DMAC0 
Bit 7 6 5 4 3 2 1 0 
Initial value Undetermined 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Short address mode: source or destination address 
Full address mode: not used 
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DTCROB—Data Transfer Control Register 0B H'2F DMAC0 
e Short address mode 
Bit 7 6 5 4 3 2 1 0 
DTE DTSZ DTID RPE DTIE DTS2 DTS1 DTSO 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Data transfer select 
Bit2 | Bit1 | Bito 
DTS2 | DTS1 | DTSO | Data Transfer Activation Source 
0 0 0 Compare match/input capture A interrupt from ITU channel 0 
1 Compare match/input capture A interrupt from ITU channel 1 
1 0 Compare match/input capture A interrupt from ITU channel 2 
1 Compare match/input capture A interrupt from ITU channel 3 
1 0 0 SCIO transmit-data-empty interrupt 
1 SCIO receive-data-full interrupt 
1 0 | Falling edge of DREQ input 
1 Low level of DREQ input 




















Data transfer interrupt enable 





0 | Interrupt requested by DTE bit is disabled 














CPU interrupt requested when DTE = 0 


1 | Interrupt requested by DTE bit is enabled 








Repeat enable 
RPE | DTIE | Description 
0 0 I/O mode 

















1 
1 0 Repeat mode 
1 Idle mode 




















Data transfer increment/decrement 





0 | Incremented: If DTSZ = 0, MAR is incremented by 1 after each transfer 
If DTSZ = 1, MAR is incremented by 2 after each transfer 














1 | Decremented: If DTSZ = 0, MAR is decremented by 1 after each transfer 
If DTSZ = 1, MAR is decremented by 2 after each transfer 








Data transfer size 
0 | Byte-size transfer 
1 | Word-size transfer 























Data transfer enable 
0 | Data transfer is disabled 
1 | Data transfer is enabled 
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DTCROB—Data Transfer Control Register 0B H'2F DMAC0 
e Full address mode 
Bit 7 6 5 4 2 1 0 
DTME — DAID | DAIDE | TMS | DTS2B | DTS1B | DTSOB 
Initial value 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
| 
Data transfer select 2B to 0B 
Bit2 | Bit1 | Bito Data Transfer Activation Source 
DTS2B|DTS1B|DTSOB) Normal Mode Block Transfer Mode 
0 0 0 Auto-request Compare match/input capture 
(burst mode) A from ITU channel 0 
1 Not available Compare match/input capture 
A from ITU channel 1 
1 0 Auto-request Compare match/input capture 
(cycle-steal mode) A from ITU channel 2 
1 Not available Compare match/input capture 
A from ITU channel 3 
1 0 0 Not available Not available 
1 Not available Not available 
1 0 | Falling edge of DREQ Falling edge of DREQ 
1 Low level input at DREQ | Not available 
Transfer mode select 
0 | Destination is the block area in block transfer mode 
1 | Source is the block area in block transfer mode 

















Destination address increment/decrement 
































Bit5 | Bit 4 
DAID |DAIDE) Increment/Decrement Enable 
0 0 MARB is held fixed 
1 Incremented: If DTSZ = 0, MARB is incremented by 1 after each transfer 
If DTSZ = 1, MARB is incremented by 2 after each transfer 
1 0 MARB is held fixed 
1 Decremented: If DTSZ = 0, MARB is decremented by 1 after each transfer 
If DTSZ = 1, MARB is decremented by 2 after each transfer 








Jata transfer master enable 





0 | Data transfer is disabled 








1 | Data transfer is enabled 
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MARIA R/E/H/L—Memory Address Register 1A R/E/H/L H'30, H'31, DMAC1 




































































H'32, H'33 
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 
Initial value 1 1 1 1 1 1 1 1 Undetermined 
Read/Write - -—- — — — — — — RWW RIW R/W R/W R/W R/W R/W R/W 
\ \ : ) 
MAR1AR MAR1AE 
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Initial value Undetermined Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W 
X a J <2 J 
MAR1AH MAR1AL 


Note: Bit functions are the same as for DMACO. 
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ETCRIA H/L—Execute Transfer Count Register 1A H/L H'34, H'35 DMACI1 
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W 
Bit 7 6 5 4 3 2 1 0 
Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 

) 
ETCR1AH 
Bit 7 6 5 4 3 2 1 0 
Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
) 
ETCR1AL 
Note: Bit functions are the same as for DMACO. 

IOAR1A—I/O Address Register 1A H'36 DMACI1 
Bit 7 6 5 4 3 2 1 0 
Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 


Note: Bit functions are the same as for DMACO. 
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DTCR1A—Data Transfer Control Register 1A H'37 DMACI1 

e Short address mode 
Bit 7 6 5 4 3 2 1 0 

DTE DTSZ DTID RPE DTIE DTS2 DTS1 DTSO 

Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 

e Full address mode 
Bit 7 6 5 4 3 2 1 0 

DTE DTSZ SAID SAIDE DTIE | DTS2A | DTS1A | DTSOA 

Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Note: Bit functions are the same as for DMACO. 

MARIB R/E/H/L—Memory Address Register 1B R/E/H/L H'38, H'39, DMAC1 

H'3A, H'3B 
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 
Initial value 1 1 1 1 1 1 1 1 Undetermined 
Read/Write - -—- —- — — — — — RW RIW RW RW R/W R/W R/W R/W 
v Jw y) 
MAR1BR MAR1BE 

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Initial value Undetermined Undetermined 


Read/Write R/W R/WR/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W OR/W 
N J \ 





MAR1BH 


Note: Bit functions are the same as for DMACO. 
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MAR1BL 







































































































































































ETCR1B H/L—Execute Transfer Count Register 1B H/L H'3C, H'3D DMACI1 
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W 
Bit 7 6 5 4 3 2 1 0 
Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 

) 
ETCR1BH 
Bit 7 6 5 4 3 2 1 0 
Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
) 
ETCR1BL 
Note: Bit functions are the same as for DMACO. 

IOARIB—I/O Address Register 1B H'3E DMAC1 
Bit 7 6 5 4 3 2 1 0 
Initial value Undetermined 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 


Note: Bit functions are the same as for DMACO. 
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DTCR1B—Data Transfer Control Register 1B H'3F DMACI1 
Short address mode 
Bit 7 6 5 4 3 2 1 0 
DTE DTSZ DTID RPE DTIE DTS2 DTS1 DTSO 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Full address mode 
Bit 7 6 5 4 3 2 1 0 
DTME — DAID DAIDE TMS DTS2B | DTS1B | DTSOB 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 


Note: Bit functions are the same as for DMACO. 
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TSTR—Timer Start Register 


Bit 


Initial value 
Read/Write 


H'60 


ITU (all channels) 



































7 5 4 3 2 1 0 
— — STR4 | STR3 STR2 STR1 STRO 

1 1 0 0 0 0 0 
_ = R/W R/W R/W R/W R/W 























__ 














Counter start 0 





0 | TCNTO is halted 











1 | TCNTO is counting 








Counter start 1 





0 | TCNT1 is halted 





=e 








TCNT1 is counting 








Counter start 2 





0 


TCNT2 is halted 








=e 





TCNT2 is counting 











Counter start 3 





0 | TCNTS is halted 











=e 


TCNTS is counting 








Counter start 4 





0 


TCNT4 is halted 





=e 








TCNT4 is counting 
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TSNC—Timer Synchro Register 


Bit 7 6 


H'6l ITU (all channels) 


4 3 2 1 0 

















SYNC4 | SYNC3 | SYNC2 | SYNC1 | SYNCO 




















Initial value 1 1 
Read/Write —_— —_ 


0 0 0 0 0 
R/W R/W R/W R/W R/W 









































Timer sync 0 
0 | TCNTO operates independently 
1 | TCNTO is synchronized 




















Timer sync 1 
0 | TCNT1 operates independently 
TCNT1 is synchronized 








=e 














Timer sync 2 





0 


TCNT2 operates independently 








=e 








TCNT2 is synchronized 





Timer sync 3 





0 | TCNTS operates independently 
TCNTS is synchronized 














=e 








Timer sync 4 
0 | TCNT4 operates independently 
TCNT4 is synchronized 

















=e 
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TMDR—Timer Mode Register 


H'62 ITU (all channels) 
















































































Bit 7 6 5 4 3 2 1 0 
— MDF FDIR | PWM4 | PWM3 | PWM2 | PWM1 | PWMO 
Initial value 1 0 0 0 0 0 0 0 
Read/Write — R/W R/W R/W R/W R/W R/W R/W 
| 
PWM mode 0 








0 | Channel 0 operates normally 
1 | Channel 0 operates in PWM mode 

















PWM mode 1 
0 | Channel 1 operates normally 
1 | Channel 1 operates in PWM mode 























PWM mode 2 
0 | Channel 2 operates normally 
1 | Channel 2 operates in PWM mode 























PWM mode 3 
0 | Channel 3 operates normally 
1 | Channel 3 operates in PWM mode 























PWM mode 4 
0 | Channel 4 operates normally 
1 | Channel 4 operates in PWM mode 




















Flag direction 





0 


OVF is set to 1 in TSR2 when TCNT2 overflows or underflows 





1 


OVF is set to 1 in TSR2 when TCNT2 overflows 

















Phase counting mode flag 





0 | Channel 2 operates normally 











1 | Channel 2 operates in phase counting mode 
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TFCR—Timer Function Control Register H'63 ITU (all channels) 






























































Bit 7 6 5 4 3 2 1 0 
— — CMD1 | CMDO | BFB4 BFA4 BFB3 BFA3 
Initial value 1 1 0 0 0 0 0 0 
Read/Write — — R/W R/W R/W R/W R/W R/W 
| 
Buffer mode A3 





0 | GRAS operates normally 
GRAS is buffered by BRA3 








=e 











Buffer mode B3 
0 | GRB3 operates normally 
GRB3 is buffered by BRB3 








=e 

















Buffer mode A4 
0 | GRA4 operates normally 
GRA4 is buffered by BRA4 

















=e 








Buffer mode B4 
0 | GRB4 operates normally 
GRB4 is buffered by BRB4 

















=e 








Combination mode 1 and 0 
































Bit5 | Bit 4 
CMD1)CMD0O| Operating Mode of Channels 3 and 4 
0 0 | Channels 3 and 4 operate normally 
1 
1 0 Channels 3 and 4 operate together in complementary PWM mode 
1 Channels 3 and 4 operate together in reset-synchronized PWM mode 
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TCRO—Timer Control Register 0 


Bit 


Initial value 
Read/Write 
















































































H'64 ITUO 
7 6 5 4 3 2 1 0 
— CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO 
1 0 0 0 0 0 0 0 
— R/W R/W R/W R/W R/W R/W R/W 
Timer prescaler 2 to 0 
Bit2 | Bit1 | Bito 
TPSC2|TPSC1/TPSCO|} TCNT Clock Source 
0 0 0 Internal clock: @ 
1 Internal clock: @/2 
1 0 Internal clock: @/4 
1 Internal clock: 2/8 
1 0 0 External clock A: TCLKA input 
1 External clock B: TCLKB input 
1 0 External clock C: TCLKC input 
1 External clock D: TCLKD input 























Clock edge 1 and 0 











Bit4 | Bits 
CKEG1|CKEGO} Counted Edges of External Clock 
0 0 Rising edges counted 





1 


Falling edges counted 











1 = 





Both edges counted 











Counter clear 1 and 0 











Bit6 | Bit5 
CCLR1|/CCLRO} TCNT Clear Source 
0 0 TCNT is not cleared 





TCNT is cleared by GRA compare match or input capture 








TCNT is cleared by GRB compare match or input capture 





1 
0 
1 








Synchronous clear: TCNT is cleared in synchronization 
with other synchronized timers 
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TIORO—Timer I/O Control Register 0 H'65 ITUO 
Bit 7 6 5 4 3 2 1 0 
— IOB2 1OB1 IOBO — IOA2 IOA1 IOAO 
Initial value 1 0 0 0 1 0 0 0 
Read/Write — R/W R/W R/W — R/W R/W R/W 
1/0 control A2 to AO 
Bit2 | Bit1 | Bito 
IOA2 | IOA1 | IOAO | GRA Function 
0 0 0 GRA is an output | No output at compare match 
{ | compare register | output at GRA compare match 
1 0 1 output at GRA compare match 
1 Output toggles at GRA compare match 
1 0 0 |GRAisaninput | GRA captures rising edge of input 
1 | Capture register | GRA captures falling edge of input 
1 0 GRA captures both edges of input 
1 
/O control B2 to BO 
Bit6 | BitS | Bit4 
IOB2 | 1OB1 | IOBO | GRB Function 
0 0 0 GRB is an output | No output at compare match 
{| compare register | Q output at GRB compare match 
1 0 1 output at GRB compare match 
1 Output toggles at GRB compare match 
1 0 0 | GRBisaninput | GRB captures rising edge of input 
1 | capture register | GRB captures falling edge of input 
1 0 GRB captures both edges of input 
1 
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TIERO—Timer Interrupt Enable Register 0 H'66 ITUO 



































Bit 7 6 5 4 3 2 1 0 
_— — — — — OVIE IMIEB | IMIEA 

Initial value 1 1 1 1 1 0 0 0 
— — — — R/W R/W R/W 





Read/Write —_ 




















Input capture/compare match interrupt enable A 
0 | IMIA interrupt requested by IMFA flag is disabled 
IMIA interrupt requested by IMFA flag is enabled 











=e 











Input capture/compare match interrupt enable B 
0 | IMIB interrupt requested by IMFB flag is disabled 
IMIB interrupt requested by IMFB flag is enabled 

















=? 








Overflow interrupt enable 
0 | OVI interrupt requested by OVF flag is disabled 


1 | OVI interrupt requested by OVF flag is enabled 




















649 



































TSRO—Timer Status Register 0 H'67 ITUO 
Bit 7 6 5 4 3 2 1 0 
— — — — — OVF IMFB IMFA 
Initial value 1 1 1 1 1 0 0 0 
Read/Write — — — — — R/(W)* = R/(W)* — R/(W)* 


























Input capture/compare match flag A 





0 | [Clearing condition] 


Read IMFA when IMFA = 1, then write 0 in IMFA 





1 | [Setting conditions] 


register. 








TCNT = GRA when GRA functions as an output compare 


TCNT value is transferred to GRA by an input capture 
signal, when GRA functions as an input capture register. 











Input capture/compare match flag B 





0 | [Clearing condition] 
Read IMFB when IMFB = 1, then write 0 in IMFB 





1 | [Setting conditions] 


register. 








TCNT = GRB when GRB functions as an output compare 


TCNT value is transferred to GRB by an input capture 
signal, when GRB functions as an input capture register. 








Overflow flag 





0 


[Clearing condition] 
Read OVF when OVF = 1, then write 0 in OVF 











[Setting condition] 
TCNT overflowed from H'FFFF to H'0000 








Note: * Only 0 can be written, to clear the flag. 
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TCNTO H/L—Timer Counter 0 H/L H'68, H'69 ITUO 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 
























































Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W RW RW R/W R/W RW R/W R/W R/W R/W R/W R/W 








Up-counter 





GRAO H/L—General Register AO H/L H'6A, H'6B ITUO 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O 
























































Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 { { { 
Read/Write R/W R/W R/W R/WR/W R/W RW R/W R/W R/W R/W R/W R/W R/W R/W OR/AW 








Output compare or input capture register 





GRBO H/L—General Register BO H/L H'6C, H'6D ITUO 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 
























































Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Read/Write R/W R/W R/W R/W R/W R/W RW R/W R/W RW R/W R/W R/W R/W R/W R/W 








Output compare or input capture register 






































TCR1—Timer Control Register 1 H'6E ITU1 
Bit 7 6 5 4 3 2 1 0 
— CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO 
Initial value 1 0 0 0 0 0 0 0 
Read/Write — R/W R/W R/W R/W R/W R/W R/W 


Note: Bit functions are the same as for ITUO. 
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TIOR1—Timer I/O Control Register 1 H'6oF ITU1 



































Bit 7 6 5 4 3 2 1 0 
— IOB2 IOB1 IOBO — IOA2 1IOA1 IOAO 

Initial value 1 0 0 0 1 0 0 0 

Read/Write — R/W R/W R/W — R/W R/W R/W 


Note: Bit functions are the same as for ITUO. 






































TIER1—Timer Interrupt Enable Register 1 H'70 ITU1 
Bit 7 6 5 4 3 2 1 0 
— — — — _— OVIE IMIEB | IMIEA 
Initial value 1 1 1 1 1 0 0 0 
Read/Write _ — _— _ — R/W R/W R/W 


Note: Bit functions are the same as for ITUO. 






































TSR1—Timer Status Register 1 H'71 ITU1 
Bit 7 6 5 4 3 2 1 0 
— — — — — OVF IMFB IMFA 
Initial value 1 1 1 1 1 0 0 0 
Read/Write — — _ — — R/(W)* = R/(W)* — -R/(W)* 


Notes: Bit functions are the same as for ITUO. 
* Only 0 can be written, to clear the flag. 





TCNT1 H/L—Timer Counter 1 H/L H'72, H'73 ITU1 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 



























































Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W RW RW R/W RW RW R/W R/W R/W R/W R/W OR/W 


Note: Bit functions are the same as for ITUO. 


652 


GRA1 H/L—General Register A1 H/L H'74, H'75 ITU1 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 



























































Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Read/Write R/W R/W R/W R/W R/W R/W RW R/W R/W RW R/W R/W R/W R/W R/W R/W 


Note: Bit functions are the same as for ITUO. 





GRB1 H/L—General Register B1 H/L H'76, H'77 ITU1 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 



























































Initial value 1 1 1 1 1 1 1 1 #1 1 1 1 1 1 1 1 
Read/Write R/W R/W R/W R/W R/W R/W RW R/W R/W R/W R/W R/W R/W R/W R/W R/W 


Note: Bit functions are the same as for ITUO. 






































TCR2—Timer Control Register 2 H'78 ITU2 
Bit 7 6 5 4 3 2 1 0 
_ CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO 
Initial value 1 0 0 0 0 0 0 0 
Read/Write — R/W R/W R/W R/W R/W R/W R/W 


Notes: 1. Bit functions are the same as for ITUO. 
2. When channel 2 is used in phase counting mode, the counter clock source selection by 
bits TPSC2 to TPSCO is ignored. 
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TIOR2—Timer I/O Control Register 2 H'79 ITU2 



































Bit 7 6 5 4 3 2 1 0 
— IOB2 IOB1 IOBO — IOA2 IOA1 IOAO 

Initial value 1 0 0 0 1 0 0 0 

Read/Write — R/W R/W R/W — R/W R/W R/W 


Note: Bit functions are the same as for ITUO. 
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TIER2—Timer Interrupt Enable Register 2 H'7A ITU2 



































Bit 7 6 5 4 3 2 1 0 
— — — — — OVIE IMIEB | IMIEA 

Initial value 1 1 1 1 1 0 0 0 

Read/Write — — _ = —_ R/W R/W R/W 


Note: Bit functions are the same as for ITUO. 






































TSR2—Timer Status Register 2 H'7B ITU2 
Bit 7 6 5 4 3 2 1 0 
— — _— _— — OVF IMFB IMFA 
Initial value 1 1 1 1 1 0 0 0 
Read/Write _— _ — — — R/(W)* = R/(W)* — -R/(W)* 














Bit functions are the 


for ITUO. 
Overflow flag same as for 


0 | [Clearing condition] 

Read OVF when OVF = 1, then write 0 in OVF 

1 | [Setting condition] 

TCNT overflowed from H'FFFF to H'0000 or underflowed from 
H'0000 to H'FFFF 




















Note: * Only 0 can be written, to clear the flag. 





TCNT2 H/L—Timer Counter 2 H/L H'7C, H'7D ITU2 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 
























































Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W RW R/W R/W RW R/W R/W R/W R/W R/W R/W 








Phase counting mode: up/down counter 
Other modes: up-counter 
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GRA2 H/L—General Register A2 H/L H'7E, H'7F ITU2 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 



























































Initial value 1 1 1 1 1 1 1 1 14 1 1 1 1 1 4 1 
Read/Write R/W R/W R/W R/W R/W RW RW R/W RW RW R/W R/W R/W R/W R/W OR/W 


Note: Bit functions are the same as for ITUO. 





GRB2 H/L—General Register B2 H/L H'80, H'81 ITU2 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 



























































Initial value 1 1 1 1 1 1 1 1 4 1 1 1 1 1 14 i 
Read/Write R/W R/W R/W R/W R/W RW RW R/W RW R/W R/W R/W R/W R/W R/W OR/W 


Note: Bit functions are the same as for ITUO. 






































TCR3—Timer Control Register 3 H'82 ITU3 
Bit 7 6 5 4 3 2 1 0 
— CCLR1 |) CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO 
Initial value 1 0 0 0 0 0 0 0 
Read/Write — R/W R/W R/W R/W R/W R/W R/W 


Note: Bit functions are the same as for ITUO. 






































TIOR3—Timer I/O Control Register 3 H'83 ITU3 
Bit 7 6 5 4 3 2 1 0 
— IOB2 IOB1 IOBO — IOA2 IOA1 IOAO 
Initial value 1 0 0 0 1 0 0 0 
Read/Write — R/W R/W R/W — R/W R/W R/W 


Note: Bit functions are the same as for ITUO. 
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TIER3—Timer Interrupt Enable Register 3 H'84 ITU3 



































Bit 7 6 5 4 3 2 1 0 
— — — — — OVIE IMIEB | IMIEA 

Initial value 1 1 1 1 1 0 0 0 

Read/Write — — _ = —_ R/W R/W R/W 


Note: Bit functions are the same as for ITUO. 






































TSR3—Timer Status Register 3 H'85 ITU3 
Bit 7 6 5 4 3 2 1 0 
— — — — — OVF IMFB IMFA 
Initial value 1 1 1 1 1 0 0 0 
Read/Write — — — — — R/(W)* — R/(W)* — -R/(W)* 














Bit functions are the 


for ITUO 
Overflow flag same as for 


0 | [Clearing condition] 

Read OVF when OVF = 1, then write 0 in OVF 

1 | [Setting condition] 

TCNT overflowed from H'FFFF to H'0000 or underflowed from 
H'0000 to H'FFFF 




















Note: * Only 0 can be written, to clear the flag. 





TCNT3 H/L—Timer Counter 3 H/L H'86, H'87 ITU3 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 
























































Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W RW R/W R/W RW R/W R/W R/W R/W R/W R/W 








Complementary PWM mode: up/down counter 
Other modes: up-counter 
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GRA3 H/L—General Register A3 H/L 


Bit 


Initial value 
Read/Write 


15 14 13 12 11 10 9 8 


H'88, H'89 


7 6 5 4 3 2 1 =O 
























































1 1 1 1 14 1 1 1 
R/W R/W R/W R/W R/W R/W R/W R/W 


1 1 1 1 1 1 14 1 
R/W R/W R/W R/W R/W R/W R/W R/W 








Output compare or input capture register (can be buffered) 





GRB3 H/L—General Register B3 H/L 


Bit 


Initial value 
Read/Write 


15 14 13 12 11 10 9 8 


H'8A, H'8B ITU3 


7 6 5 4 3 2 1 #0 
























































1 1 1 1 14 1 1 1 
R/W R/W R/W R/W R/W R/W R/W R/W 


1 1 1 1 1 1 14 1 
R/W R/W R/W R/W R/W R/W R/W R/W 








Output compare or input capture register (can be buffered) 





BRA3 H/L—Buffer Register A3 H/L 


Bit 


Initial value 
Read/Write 


15 14 13 12 11 10 9 8 


H'8C, H'8D ITU3 


7 6 5 4 3 2 1 =O 
























































1 1 1 1 14 1 1 1 
R/W R/W R/W R/W R/W R/W R/W R/W 


1 1 1 1 1 1 14 1 
R/W R/W R/W R/W R/W R/W R/W R/W 








Used to buffer GRA 





BRB3 H/L—Buffer Register B3 H/L 


Bit 


Initial value 
Read/Write 


15 14 13 12 11 10 9 8 


H'8E, H'8F ITU3 


7 6 5 4 3 2 1 #0 
























































1 1 1 1 1 | oe | 1 
R/W R/W R/W R/W R/W R/W R/W R/W 


1 1 1 1 1 1 14 1 
R/W R/W R/W R/W R/W R/W R/W R/W 








Used to buffer GRB 
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TOER—Timer Output Enable Register H'90 ITU (all channels) 










































































Bit 7 6 5 4 3 2 1 0 
— — EXB4 EXA4 EB3 EB4 EA4 EA3 
Initial value 1 1 1 1 1 1 1 1 
Read/Write — — R/W R/W R/W R/W R/W R/W 
Master enable TIOCA3 





0 | TIOCA3 output is disabled regardless of TIOR3, TMDR, and TFCR settings 











1 | TIOCAg is enabled for output according to TIOR3, TMDR, and TFCR settings 








Master enable TIOCA4 
0 | TIOCA, output is disabled regardless of TIOR4, TMDR, and TFCR settings 
TIOCA, is enabled for output according to TIOR4, TMDR, and TFCR settings 








=e 

















Master enable TIOCB4 
0 | TIOCB, output is disabled regardless of TIOR4 and TFCR settings 
1 | TIOCB, is enabled for output according to TIOR4 and TFCR settings 























Master enable TIOCB3 
0 | TIOCB3 output is disabled regardless of TIOR3 and TFCR settings 
TIOCB3 is enabled for output according to TIOR3 and TFCR settings 

















=e 








Master enable TOCXA4 
0 | TOCXA, output is disabled regardless of TFCR settings 
TOCXA, is enabled for output according to TFCR settings 

















=e 








Master enable TOCXB4 
0 | TOCXB, output is disabled regardless of TFCR settings 
TOCXB, is enabled for output according to TFCR settings 








=e 
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TOCR—Timer Output Control Register H'91 ITU (all channels) 


Bit 


Initial value 
Read/Write 



































7 6 5 4 3 2 1 0 
— — — XTGD _— — OLS4 | OLS3 

1 1 1 1 1 1 1 1 
= — = R/W _— = R/W R/W 


























Output level select 3 





0 


TIOCB3, TOCXA,, and TOCXB, outputs are inverted 








1 





TIOCB3, TOCXA4, and TOCXB, outputs are not inverted 








Output level select 4 





0 | TIOCA3, TIOCA., and TIOCB, outputs are inverted 











1 | TIOCA3, TIOCA4, and TIOCB, outputs are not inverted 








External trigger disable 





0 


Input capture A in channel 1 is used as an external trigger signal in 
reset-synchronized PWM mode and complementary PWM mode* 











External triggering is disabled 








Note: * When an external trigger occurs, bits 5 to 0 in TOER are cleared to 0, disabling ITU 


output. 
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TCR4—Timer Control Register 4 H'92 ITU4 
Bit 7 6 5 4 3 2 1 0 
— CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO 
Initial value 1 0 0 0 0 0 0 0 
Read/Write — R/W R/W R/W R/W R/W R/W R/W 
Note: Bit functions are the same as for ITUO. 
TIOR4—Timer I/O Control Register 4 H'93 ITU4 
Bit 7 6 5 4 3 2 1 0 
— IOB2 IOB1 IOBO — 1IOA2 IOA1 IOAO 
Initial value 1 0 0 0 1 0 0 0 
Read/Write — R/W R/W R/W — R/W R/W R/W 
Note: Bit functions are the same as for ITUO. 
TIER4—Timer Interrupt Enable Register 4 H'94 ITU4 
Bit 7 6 5 4 3 2 1 0 
— — — —_— — OVIE IMIEB | IMIEA 
Initial value 1 1 1 1 1 0 0 0 
Read/Write —_— — _— —_— — R/W R/W R/W 
Note: Bit functions are the same as for ITUO. 
TSR4—Timer Status Register 4 H'95 ITU4 
Bit 7 6 5 4 3 2 1 0 
— — —_— —_— — OVF IMFB IMFA 
Initial value 1 1 1 1 1 0 0 0 
Read/Write — — —_— — — R/(W)* = R/(W)* ~~ R/(W)* 


Notes: Bit functions are the same as for ITUO. 
* Only 0 can be written, to clear the flag. 
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TCNT4 H/L—Timer Counter 4 H/L H'96, H'97 ITU4 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 



























































Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W RW RW R/W RW R/W R/W R/W R/W R/W R/W OR/W 


Note: Bit functions are the same as for ITU3. 





GRA4 H/L—General Register A4 H/L H'98, H'99 ITU4 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 



























































Initial value 1 1 1 1 1 1 1 1 14 1 1 1 1 1 14 1 
Read/Write R/W R/W R/W R/W R/W RW RW R/W RW RW R/W R/W R/W R/W R/W OR/W 


Note: Bit functions are the same as for ITU3. 





GRB4 H/L—General Register B4 H/L H'9A, H'9B ITU4 


Bit 15 14 138 12 11 10 9 8 7 6 5 4 3 2 1 =O 



























































Initial value 1 1 1 1 14 1 1 1 14 1 1 1 1 1 14 1 
Read/Write R/W R/W R/W R/W R/W RW RW R/W RW R/W R/W R/W R/W R/W R/W= OR/W 


Note: Bit functions are the same as for ITU3. 





BRA4 H/L—Buffer Register A4 H/L H'9C, H'9D ITU4 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 



























































Initial value 1 1 1 1 1 1 1 1 14 1 1 1 1 1 14 1 
Read/Write R/W R/W R/W R/W R/W RW RW R/W R/W RW R/W R/W R/W R/W R/W OR/W 


Note: Bit functions are the same as for ITUS3. 
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BRB4 H/L—Buffer Register B4 H/L H'9E, H'9F ITU4 


Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #O 



























































Initial value 1 1 dl 1 14 i 1 1 14 1 1 1 1 1 1 1 
Read/Write R/W R/W R/W R/W R/W RW RW R/W RW R/W R/W R/W R/W R/W R/W OR/W 


Note: Bit functions are the same as for ITU3. 






































TPMR—TPC Output Mode Register H'AO TPC 
Bit 7 6 5 4 3 2 1 0 
— — _ _— G3NOV | G2NOV | G1NOV | GONOV 
Initial value 1 1 1 1 0 0 0 0 
Read/Write — — _ — R/W R/W R/W R/W 





























Group 0 non-overlap 


0 | Normal TPC output in group 0. 
Output values change at compare match A in the selected ITU channel. 


1 | Non-overlapping TPC output in group 0, controlled by compare match 
A and B in the selected ITU channel 


Group 1 non-overlap 


0 | Normal TPC output in group 1. 
Output values change at compare match A in the selected ITU channel. 


1 | Non-overlapping TPC output in group 1, controlled by compare match 
A and B in the selected ITU channel 


Group 2 non-overlap 
0 | Normal TPC output in group 2. 
Output values change at compare match A in the selected ITU channel. 


1 | Non-overlapping TPC output in group 2, controlled by compare match 
A and B in the selected ITU channel 


Group 3 non-overlap 


0 | Normal TPC output in group 3. 
Output values change at compare match A in the selected ITU channel. 


1 | Non-overlapping TPC output in group 3, controlled by compare match 
A and B in the selected ITU channel 
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TPCR—TPC Output Control Register H'A1 TPC 


6 5 4 3 2 1 0 








G3CMS1|G3CMS0) G2CMS1| G2CMS0|G1CMS1 |G1CMS0|GOCMS1|GOCMSO 

















Bit 7 
Initial value 1 
Read/Write 


1 1 1 1 1 1 1 


R/W R/W R/W R/W R/W R/W R/W R/W 
































Group 0 compare match select 1 and 0 





Bit 1 


Bit 0 





GOCMS1/GOCMS' 


0} ITU Channel Selected as Output Trigger 





0 


TPC output group 0 (TP3 to TP) is triggered by compare match in ITU channel 0 





TPC output group 0 (TP3 to TP9) is triggered by compare match in ITU channel 1 














-+|/O|-+/|oO 








( ) 
TPC output group 0 (TP3 to TP9) is triggered by compare match in ITU channel 2 
TPC output group 0 (TP3 to TP9) is triggered by compare match in ITU channel 3 





Group 1 compare match select 1 and 0 





Bit3 


Bit 2 





G1CMS1/G1CMSO 


ITU Channel Selected as Output Trigger 





0 


0 


TPC output group 1 (TP7 to TP,) is triggered by compare match in ITU channel 0 





TPC output group 1 (TP7 to TP,) is triggered by compare match in ITU channel 1 














1 
0 
1 








( ) 
TPC output group 1 (TP7 to TP,) is triggered by compare match in ITU channel 2 
TPC output group 1 (TP7 to TP,) is triggered by compare match in ITU channel 3 








Group 2 compare match select 1 and 0 
































Bit5 Bit 4 
G2CMS1|G2CMSO) ITU Channel Selected as Output Trigger 
0 0 TPC output group 2 (TP;; to TPs) is triggered by compare match in ITU channel 0 
1 TPC output group 2 (TP;; to TPs) is triggered by compare match in ITU channel 1 
1 0 TPC output group 2 (TP;; to TPs) is triggered by compare match in ITU channel 2 
1 TPC output group 2 (TP;; to TPs) is triggered by compare match in ITU channel 3 








Group 3 compare match select 1 and 0 





Bit 7 


Bit 6 





G3CMS1|G3CMSO 


ITU Channel Selected as Output Trigger 





0 


0 TPC output group 3 (TP;5 to TP 9) is triggered by compare match in ITU channel 0 





TPC output group 3 (TP 15 to TP») is triggered by compare match in ITU channel 1 

















1 ( 
0 TPC output group 3 (TP;5 to TP 9) is triggered by compare match in ITU channel 2 
1 TPC output group 3 (TP; to TP49) is triggered by compare match in ITU channel 3 
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NDERB—Next Data Enable Register B H'A2 TPC 
































Bit 7 6 5 4 3 2 1 0 
NDER15|}NDER14) NDER13| NDER12)NDER11|/NDER10| NDER9 | NDER8 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 











Next data enable 15 to 8 



























































Bits 7 to 0 
NDER15 to NDER8| Description 
0 TPC outputs TP;5 to TPg are disabled 
(NDR15 to NDR8 are not transferred to PB7 to PBg) 
1 TPC outputs TP;5 to TPg are enabled 
(NDR15 to NDR8 are transferred to PB7 to PBg) 
NDERA—Next Data Enable Register A H'A3 TPC 
Bit 7 6 5 4 3 2 1 0 
NDER7 | NDER6 | NDER5 | NDER4 | NDER3 | NDER2 | NDER1 | NDERO 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 











Next data enable 7 to 0 




















Bits 7 to 0 
NDER7 to NDERO | Description 
0 TPC outputs TP7 to TP are disabled 
(NDR7 to NDRO are not transferred to PA7 to PAg) 
1 TPC outputs TP7 to TPg are enabled 
(NDR7 to NDRO are transferred to PA7 to PAg) 
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NDRB—Next Data Register B H'A4/H'A6 TPC 


¢ Same output trigger for TPC output groups 2 and 3 





























Address H'FFA4 
Bit 7 6 5 4 3 2 1 0 
NDR15 | NDR14) NDR13 | NDR12 | NDR11 | NDR10 | NDR9 | NDR8 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 












































Output data for Output data for 
TPC output group 3 TPC output group 2 
Address H'FFA6 
Bit 7 6 5 4 3 2 1 0 
Initial value 1 1 1 1 1 1 1 1 
Read/Write _ — _ — — —_— — — 


¢ Different output triggers for TPC output groups 2 and 3 
































Address H'FFA4 
Bit 7 6 5 4 3 2 1 0 
NDR15 | NDR14) NDR13 | NDR12 — —_— — — 
Initial value 0 0 0 0 1 1 1 1 


Read/Write R/W R/W R/W R/W — — — — 








Output data for 
TPC output group 3 






































Address H'FFA6 
Bit 7 6 5 4 3 2 1 0 
— — — — NDR11 | NDR10 | NDR9 | NDR8 
Initial value 1 1 1 1 0 0 0 0 
Read/Write — — — — R/W R/W R/W R/W 
Output data for 
TPC output group 2 
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NDRA—Next Data Register A H'A5/H'A7 TPC 
¢ Same output trigger for TPC output groups 0 and | 
Address H'FFA5 
Bit 7 6 5 4 3 2 1 0 
NDR7 | NDR6 | NDR5 | NDR4 | NDR3 | NDR2 | NDRI1 NDRO 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Output data for Output data for 
TPC output group 1 TPC output group 0 
Address H'FFA7 
Bit 7 6 5 4 3 2 1 0 
Initial value 1 1 1 1 1 1 1 1 
Read/Write — — — — — — = — 
¢ Different output triggers for TPC output groups 0 and 1 
Address H'FFA5 
Bit 7 6 5 4 3 2 1 0 
NDR7 | NDR6 | NDRS5 | NDR4 — — — — 
Initial value 0 0 0 0 1 1 1 1 
Read/Write R/W R/W R/W R/W — — — — 
Output data for 
TPC output group 1 
Address H'FFA7 
Bit 7 6 5 4 3 2 1 0 
— — — — NDR3 | NDR2 | NDRI1 NDRO 
Initial value 1 1 1 1 0 0 0 0 
Read/Write — _— _ — R/W R/W R/W R/W 
Output data for 
TPC output group 0 
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TCSR—Timer Control/Status Register H'A8 WDT 
Bit 7 6 5 4 2 1 0 
OVF WT/IT | TME — CKS2 CKS1 CKSO 
Initial value 0 0 0 1 0 0 0 
Read/Write R/(W)* R/W R/W — R/W R/W R/W 
Timer enable Clock select 2 to 0 
0 | Timer disabled 0 0 0 g/2 
¢ TCNT is initialized to H'00 and halted 1 9/32 
1 | Timer enabled 1 0 @/64 
¢ TCNT is counting 1 9/128 
¢ CPU interrupt requests are enabled 1 0 0 9/256 
Timer mode select 1 | @/512 
0 | Interval timer: requests interval timer interrupts 1 0 9/2048 
1 | Watchdog timer: generates a reset signal 1 @/4096 
































Overflow flag 








0 


[Clearing condition] 
Read OVF when OVF = 1, then write 0 in OVF 











[Setting condition] 
TCNT changes from H'FF to H'00 








Note: * Only 0 can be written, to clear the flag. 
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TCNT—Timer Counter H'A9 (read), WDT 
H'A8 (write) 
Bit 7 6 5 4 3 2 1 0 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Count value 
RSTCSR—Reset Control/Status Register H'AB (read), WDT 
H'AA (write) 
Bit 7 6 5 4 3 2 1 0 
WRST | RSTOE — — — — — — 
Initial value 0 0 1 1 1 1 1 1 


Read/Write R/(W)* R/W — — — _ no 





Reset output enable 
0 | Reset signal is not output externally 
Reset signal is output externally 

















= 





Watchdog timer reset 

0 | [Clearing condition] 

Reset signal input at RES pin, or 0 written by software 
1 | [Setting condition] 

TCNT overflow generates a reset signal 




















Note: * Only 0 can be written in bit 7, to clear the flag. 
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RFSHCR—Refresh Control Register 


Bit 


Initial value 
Read/Write 


H'AC 


Refresh controller 
































7 6 5 4 3 2 1 0 
SRFMD |PSRAME) DRAME |CAS/WE| M9/M8 | RFSHE = RCYCE 
0 0 0 0 0 0 1 0 
R/W R/W R/W R/W R/W R/W — R/W 


















































Refresh cycle enable 





0 


Refresh cycles are disabled 





1 








Refresh cycles are enabled for area 3 





Refresh pin enable 





0 


Refresh signal output at the RFSH pin is disabled 











1 


Refresh signal output at the RFSH pin is enabled 








Address multiplex mode select 





0 


8-bit column address mode 








1 





9-bit column address mode 











Strobe mode select 





0 | 2 WE mode 











1 | 2 CAS mode 








PSRAM enable, DRAM enable 





Bit 6 


Bit 5 





PSRAME 


DRAME 


RAM Interface 





0 


0 Can be used as an interval timer 





DRAM can be connected 

















1 
0 PSRAM can be connected 
1 Illegal setting 








Self-refresh mode 





0 


DRAM or PSRAM self-refresh is disabled in software standby mode 








1 





DRAM or PSRAM self-refresh is enabled in software standby mode 
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RTMCSR—Refresh Timer Control/Status Register 


H'AD Refresh controller 



































Bit 7 6 5 4 3 2 1 0 
CMF CMIE | CKS2 | CKS1 CKSO — — — 

Initial value 0 0 0 0 0 1 1 1 

Read/Write R/(W)* R/W R/W R/W R/W — — — 











Compare match interrupt enable 


Clock select 2 to 0 





Bit 5 


Bit 4 


Bit 3 





CKS2 


CKS1 


CKSO 


Counter Clock Source 





0 


0 


0 


Clock input is disabled 





o/2 





9/8 





9/32 








@/128 





9/512 








2/2048 








1 
0 
1 
0 
1 
0 
1 








2/4096 








0 | The CMI interrupt requested by CMF is disabled 





=? 








The CMI interrupt requested by CMF is enabled 








Compare match flag 





0 


[Clearing condition] 


Read CMF when CMF = 1, then write 0 in CMF 











[Setting condition] 
RTCNT = RTCOR 








Note: * Only 0 can be written, to clear the flag. 
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RTCNT—Refresh Timer Counter H'AE 


Refresh controller 







































































Bit 7 6 5 4 3 2 1 0 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Count value 
RTCOR—Refresh Time Constant Register H'AF Refresh controller 
Bit 7 6 5 4 3 2 1 0 
Initial value 1 1 1 1 1 1 1 1 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Interval at which RTCNT is cleared 
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SMR—Serial Mode Register 
































H'BO SCI0 
Bit 7 6 5 7 3 2 1 0 
C/A CHR PE O/E STOP MP CKS1 CKSO 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 




























































































Clock select 1 and 0 
Bit1 | BitO 
CKS1 | CKSO | Clock Source 
0 0 @ clock 
Multiprocessor mode 1 @/4 clock 
0 | Multiprocessor function disabled 1 0 9/16 clock 
1 | Multiprocessor format selected 1 9/64 clock 





Stop bit length 





0 | One stop bit 











=e 


Two stop bits 











Parity mode 





0 | Even parity 











=e 


Odd parity 








Parity enable 





0 


Parity bit is not added or checked 





=e 











Parity bit is added and checked 








Character length 





0 | 8-bit data 











=e 


7-bit data 











Communication mode 





0 


Asynchronous mode 





=e 








Synchronous mode 
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BRR—Bit Rate Register 


Bit 


Initial value 
Read/Write 
































H'B1 SCIO 
7 6 5 4 3 2 1 0 
1 1 1 1 1 1 1 1 
R/W R/W R/W R/W R/W R/W R/W R/W 








Serial communication bit rate setting 
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SCR—Serial Control Register 


Bit 


Initial value 
Read/Write 


H'B2 SCIO 





























7 6 5 4 3 2 1 0 
TIE RIE TE RE MPIE TEIE CKE1 CKEO 

0 0 0 0 0 0 0 0 
R/W R/W R/W R/W R/W R/W R/W R/W 
























































f 
Clock enable 1 and 0 























Bit1 | BitO 
CKE1 | CKEO| Clock Selection and Output 
0 0 | Asynchronous mode | Internal clock, SCK pin available for generic input 
Synchronous mode_ | Internal clock, SCK pin used for serial clock outpt 
1 | Asynchronous mode | Internal clock, SCK pin used for clock output 
Synchronous mode _ | Internal clock, SCK pin used for serial clock outpt 
1 0 | Asynchronous mode | External clock, SCK pin used for clock input 





Synchronous mode 


External clock, SCK pin used for serial clock inpu 











Asynchronous mode 


External clock, SCK pin used for clock input 








Synchronous mode 





External clock, SCK pin used for serial clock inpu 





Transmit-end interrupt enable 





0 


Transmit-end interrupt requests (TEI) are disabled 





1 











Transmit-end interrupt requests (TEI) are enabled 








Multiprocessor interrupt enable 





0) Multiprocessor interrupts are disabled (normal receive operation) 











1 | Multiprocessor interrupts are enabled 











Transmit enable 





0 


Transmitting is disabled 








1 





Transmitting is enabled 











Receive interrupt enable 


Receive enable 





0) Transmitting is disabled 














1 | Transmitting is enabled 








0 | Receive-end (RXI) and receive-error (ERI) interrupt requests are disabled 











1 | Receive-end (RXI) and receive-error (ERI) interrupt requests are enabled 








Transmit interrupt enable 





0 


Transmit-data-empty interrupt request (TXI) is disabled 





1 








Transmit-data-empty interrupt request (TXI) is enabled 
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TDR—Transmit Data Register 


Bit 


Initial value 
Read/Write 
































H'B3 SCIO 
7 6 5 4 3 2 1 0 
1 1 1 1 1 1 1 1 
R/W R/W R/W R/W R/W R/W R/W R/W 








Serial transmit data 
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SSR—Serial Status Register H'B4 SCI0 
Bit 7 6 5 4 3 2 1 0 
TDRE RDRF | ORER FER PER TEND MPB MPBT 
Initial value 1 0 0 0 0 1 0 0 
Read/Write R/(W)* = R/(W)* = R/(W)* — -R/(W)* R/(W)* R R R/W 
I 
Multiprocessor bit Multiprocessor bit transfer 
0 | Multiprocessor bit value in 0 | Multiprocessor bit value in 
receive data is 0 transmit data is 0 
1 | Multiprocessor bit value in 1 | Multiprocessor bit value in 
i receive data is 1 transmit data is 1 
Transmit end 
































0 | [Clearing conditions] 


The DMAC writes data in TDR. 


Read TDRE when TDRE = 1, then write 0 in TDRE. 





1 | [Setting conditions] 


TE is cleared to 0 in SCR. 








Reset or transition to standby mode. 


TDRE is 1 when last bit of 1-byte serial character is transmitted. 

















Framing error 


0 | [Clearing conditions] 

Reset or transition to standby mode. 
Read FER when FER = 1, then write 0 
in FER. 


1 | [Setting condition] 
Framing error (stop bit is 0) 

















Parity error 





0 


[Clearing conditions] 

Reset or transition to standby mode. 
Read PER when PER = 1, then write 0 in 
PER. 





[Setting condition] 
Parity error: (parity of receive data does not 
match parity setting of O/E bit in SMR) 








Receive data register full 


Overrun error 





0 





0 





[Clearing conditions] 

Reset or transition to standby mode. 

Read RDRF when RDRF = 1, then write 0 in 
RDPF. 

The DMAC reads data from RDR. 


[Clearing conditions] 

Reset or transition to standby mode. 

Read ORER when ORER = 1, then write 0 in 
ORER. 














[Setting condition] 
Serial data is received normally and transferred 
from RSR to RDR 








[Setting condition] 
Overrun error (reception of next serial data 
ends when RDRF = 1) 











Transmit data register empty 





0 


[Clearing conditions] 
Read TDRE when TDRE = 1, then write 0 in TDRE. 
The DMAC writes data in TDR. 











[Setting conditions] 

Reset or transition to standby mode. 

TE is 0 in SCR 

Data is transferred from TDR to TSR, enabling new 
data to be written in TDR. 








Note: * Only 0 can be written, to clear the flag. 
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RDR—Receive Data Register H'B5 SCI0 
Bit 7 6 5 4 3 2 1 0 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R R R R R R R 

Serial receive data 

SMR—Serial Mode Register H'B8 ScIl 

Bit 7 6 5 4 3 2 1 0 

C/A CHR PE O/E STOP MP CkKS1 CKSO 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Note: Bit functions are the same as for SCIO. 

BRR—Bit Rate Register H'B9 sci 
Bit 7 6 5 4 3 2 1 0 
Initial value 1 1 1 1 1 1 1 1 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Note: Bit functions are the same as for SCIO. 

SCR—Serial Control Register H'BA ScIl 
Bit 7 6 5 4 3 2 1 0 

TIE RIE TE RE MPIE TEIE CKE1 CKEO 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 


Note: Bit functions are the same as for SCIO. 


678 











































































































TDR—Transmit Data Register H'BB Sci 
Bit 7 6 5 4 3 2 1 0 
Initial value 1 1 1 1 1 1 1 1 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Note: Bit functions are the same as for SCIO. 

SSR—Serial Status Register H'BC sci 
Bit 7 6 5 4 3 2 1 0 

TDRE | RDRF | ORER FER PER TEND MPB MPBT 
Initial value 1 0 0 0 0 1 0 0 
Read/Write R/(W)* = R/(W)* — R/(W)* — -R/(W)* RAW) R R R/W 
Notes: Bit functions are the same as for SCIO. 
* Only 0 can be written, to clear the flag. 

RDR—Receive Data Register H'BD ScIl 
Bit 7 6 5 4 3 2 1 0 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R R R R 


Note: Bit functions are the same as for SCIO. 
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P1DDR—Port 1 Data Direction Register H'CO Port 1 



































Bit 7 6 5 4 3 2 1 0 

P17DDR| P1gDDR|P1sDDR P1,DDR/P13DDR/P1,DDR P1,DDR/P19DDR 
Modes) Initial value 1 1 1 1 1 1 1 1 
1104 ees ay es = = = = = = 
aa Initial value 0 0 0 0 0 0 0 0 
5107 | Read/Write W Ww Ww W w 





Port 1 input/output select 
0 | Generic input pin 
1 | Generic output pin 
























































P2DDR—Port 2 Data Direction Register H'Cl Port 2 
Bit 7 6 5 4 3 2 1 0 

P27DDR| P2gDDR| P25 DDR) P2, DDR| P23 DDR|P22DDR| P2,;DDR/|P2)DDR 
Modes | Initial value = 1 1 1 1 1 1 1 1 
104 | Read/Write — i 5 = ae = a = 
Modes] Initial value 0 0 0 0 0 0 0 0 
Sto” | Read/Write W Ww w W Ww 





Port 2 input/output select 
0 | Generic input pin 
1 | Generic output pin 





















































P1DR—Port 1 Data Register H'C2 Port 1 
Bit 7 6 5 4 3 2 1 0 
P17 Pig P15 P14 P13 Plo P1, P1g 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Data for port 1 pins 
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P2DR—Port 2 Data Register 
































































































































H'C3 Port 2 
Bit 7 6 5 4 3 2 1 0 
P27 P25 P25 P24 P23 P25 P24 P20 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Data for port 2 pins 
P3DDR—Port 3 Data Direction Register H'C4 Port 3 
Bit 7 6 5 4 3 2 1 0 
P37DDR)| P3gDDR)| P35DDR/) P34,DDR|P33DDR|P32DDR|P3;DDR/P3,DDR 
Initial value 0 0 0 0 0 0 0 0 
Read/Write W W W WwW W WwW WwW W 
Port 3 input/output select 
0 | Generic input pin 
1 | Generic output pin 
P4DDR—Port 4 Data Direction Register H'CS5 Port 4 
Bit 7 6 5 4 3 2 1 0 
P47DDR| P4gDDR| P4;DDR) P4,DDR|P43;DDR|P42DDR|P4,DDR/P4,DDR 
Initial value 0 0 0 0 0 0 0 0 
Read/Write W W W WwW W WwW WwW W 








Port 4 input/output select 
0 | Generic input pin 
Generic output pin 

















=e 
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P3DR—Port 3 Data Register H'C6 Port 3 
Bit 7 6 5 4 3 2 1 0 
P37 P36 P35 P34 P33 P35 P34 P39 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Data for port 3 pins 
P4DR—Port 4 Data Register H'C7 Port 4 
Bit 7 6 5 4 3 2 1 0 
P47 P45 P45 P44 P43 P45 P4, P49 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Data for port 4 pins 
PS5DDR—Port 5 Data Direction Register H'C8 Port 5 
Bit 7 6 5 4 3 2 1 0 
— — — —  |P53DDR|P52DDR/P5;DDR)/P59DDR 
Modes] Initial value 1 1 1 1 1 1 1 1 
1t04 | Read/Write — = = = = _ _ = 
| Initial value 1 1 1 1 0 0 0 0 
5to7 | Read/Write — = es = w W W w 





Port 5 input/output select 





0 


Generic input 





=e 








Generic output 
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P6DDR—Port 6 Data Direction Register H'C9 Port 6 



































Bit 7 6 5 4 3 2 1 0 

— P6g,DDR| P65DDR| P6,DDR| P63DDR |P62DDR| P6;DDR|P6 DDR 
Initial value 1 0 0 0 0 0 0 0 
Read/Write —_ WwW W W WwW W W W 





Port 6 input/output select 
0 | Generic input 
Generic output 

















=? 






































P5DR—Port 5 Data Register H'CA Port 5 
Bit 7 6 5 4 3 2 1 0 
— — _— — P53 P52 P54 P59 
Initial value 1 1 1 1 0 0 0 0 
Read/Write = — = = R/W R/W R/W R/W 








Data for port 5 pins 






































P6DR—Port 6 Data Register H'CB Port 6 
Bit 7 6 5 4 3 2 1 0 
— P66 P65 P64 P63 P65 P6, P69 
Initial value 1 0 0 0 0 0 0 0 
Read/Write — R/W R/W R/W R/W R/W R/W R/W 





Data for port 6 pins 


683 
































P8DDR—Port 8 Data Direction Register H'CD Port 8 
Bit 7 5 4 3 2 1 0 
—_ —_— P8,DDR|P83DDR/P82DDR | P8;DDR/P8)DDI 
Modes] Initial value 1 1 0 0 0 0 
1104 | Read/Write — _ w w Ww Ww w 
Modes} Initial value 1 0 0 0 0 0 
5to7 Read/Write — = w Ww Ww w w 











Port 8 input/output select 








Port 8 input/output sele 





































































































0 | Generic input 0 | Generic input 
1 | CS output 1 | Generic output 
P7DR—Port 7 Data Register H'CE Port 7 
Bit 7 6 5 4 3 2 1 0 
P77 P76, P75 P74 P73 P75 P7, P7o 
Initial value = —- = =? = = —* — 
Read/Write R R R R R R R R 
Data for port 7 pins 
Note: * Determined by pins P77 to P7o. 
P8DR—Port 8 Data Register H'CF Port 8 
Bit 7 6 5 4 3 2 1 0 
_— _— _ P84 P83 P85 P8, P89 
Initial value 1 1 1 0 0 0 0 0 
Read/Write — — — R/W R/W R/W R/W R/W 
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Data for port 8 pins 


P9DDR—Port 9 Data Direction Register H'DO Port 9 



































Bit 7 6 5 4 3 2 1 0 

— — P95DDR| P94,DDR|P93DDR|P92DDR | P9,;DDR|P9qgDDR 
Initial value 1 1 0 0 0 0 0 0 
Read/Write = — W W WwW W W W 





Port 9 input/output select 
0 | Generic input 
Generic output 

















=e 








PADDR—Port A Data Direction Register H'D1 Port A 


Bit 7 6 5 4 3 2 1 0 














PA7DDR| PAgDDR) PAs DDR| PAgDDR|PA3DDR|PAz2DDR) PA; DDR|PAgDDR 























a 
























































Modes) Initial value 1 0 0 0 0 0 0 0 
34 Read/Write — Ww w Ww w Ww w w 
Modes) jnitial value 0 0 0 0 0 0 0 0 
5to7 Read/Write W w w Ww Ww Ww Ww Ww 
| 
Port A input/output select 
0 | Generic input 
1 | Generic output 
P9DR—Port 9 Data Register H'D2 Port 9 
Bit 7 6 5 4 3 2 1 0 
—_ —_— P95 P94 P93 P95 P9, P99 
Initial value 1 1 0 0 0 0 0 0 
Read/Write — = R/W R/W R/W R/W R/W R/W 








Data for port 9 pins 
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PADR—Port A Data Register 


H'D3 
































































































































Port A 
Bit 7 6 5 4 3 2 1 0 
PA7 PAg PAs PA4 PA3 PAo PA, PAo 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 
Data for port A pins 
PBDDR—Port B Data Direction Register H'D4 Port B 
Bit 7 6 5 4 3 2 1 0 
PB7DDR| PBgDDR| PB5DDR| PB4DDR/PB3DDR|PB2DDR|PB;DDR|PBj>DDR 
Initial value 0 0 0 0 0 0 0 0 
Read/Write Ww W W WwW W W WwW W 
Port B input/output select 
0 | Generic input 
1 | Generic output 
PBDR—Port B Data Register H'D6 Port B 
Bit 7 6 5 4 3 2 1 0 
PB7 PBs PBs PB4 PB3 PBo PB, PBo 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Data for port B pins 
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P2PCR—Port 2 Input Pull-Up Control Register H'D8 Port 2 
Bit 7 6 5 4 3 2 1 0 
P27PCR| P2gPCR| P25PCR| P24PCR|P23PCR|P22PCR | P2;PCR)/P2)9PCR 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Port 2 input pull-up control 7 to 0 
0 | Input pull-up transistor is off 
Input pull-up transistor is on 

















=e 





Note: Valid when the corresponding P2DDR bit is cleared to 0 (designating generic input). 



































P4PCR—Port 4 Input Pull-Up Control Register H'DA Port 4 
Bit 7 6 5 4 3 2 1 0 
P47PCR| P4gPCR| P45PCR| P44PCR|P43PCR|P42PCR | P4,;PCR/P4)9PCR 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Port 4 input pull-up control 7 to 0 
0 | Input pull-up transistor is off 
Input pull-up transistor is on 

















=e 





Note: Valid when the corresponding P4DDR bit is cleared to 0 (designating generic input). 
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P5PCR—Port 5 Input Pull-Up Control Register H'DB Port 5 
Bit 7 6 5 4 3 2 1 0 
— — — — P53PCR)P52PCR | P5;PCR)/P5)9PCR 
Initial value 1 1 1 1 0 0 0 0 
Read/Write — — _ — R/W R/W R/W R/W 








Port 5 input pull-up control 3 to 0 





0 | Input pull-up transistor is off 











=e 


Input pull-up transistor is on 








Note: Valid when the corresponding P5DDR bit is cleared to 0 (designating generic input). 










































































DADRO—D/A Data Register 0 H'DC D/A 
Bit 7 6 5 4 3 2 1 0 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 

D/A conversion data 

DADR1—D/A Data Register 1 H'DD D/A 
Bit 7 6 5 4 3 2 1 0 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








D/A conversion data 
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DACR—D/A Control Register H'DE D/A 
Bit 7 6 5 4 3 2 1 0 
DAOE1 | DAOEO| DAE 
Initial value 0 0 0 1 1 1 1 1 
Read/Write R/W R/W R/W —_— —_— — _— _— 
| 
D/A enable 
Bit7 | Bit6 | Bit5 
DAOE1|DAOE0| DAE | Description 
0 0 — | D/Aconversion is disabled in channels 0 and 1 
1 0 D/A conversion is enabled in channel 0 
D/A conversion is disabled in channel 1 
1 D/A conversion is enabled in channels 0 and 1 
1 0 0 D/A conversion is disabled in channel 0 
D/A conversion is enabled in channel 1 
1 D/A conversion is enabled in channels 0 and 1 
1 — | D/Aconversion is enabled in channels 0 and 1 
D/A output enable 0 
0) DAO analog output is disabled 
1 | Channel-0 D/A conversion and DAO analog output are enabled 

















D/A output enable 1 





0 


DA1 analog output is disabled 








=e 








Channel-1 D/A conversion and DA1 analog output are enabled 




































































ADDRA H/L—A/D Data Register A H/L H'EO, H'E1 A/D 
Bit 15 14 13 12 11 10 9 8 7 6 5 4 0 
AD9|AD8|AD7| AD6/AD5/AD4|AD3|AD2/AD1/AD0) — | — — 
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 
Read/Write R R R R R R R R R RR R 
ADDRAH ADDRAL 





A/D conversion data 
10-bit data giving an 
A/D conversion result 
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Reserved bits 


































































































































































































ADDRB H/L—A/D Data Register B H/L H'E2, H'E3 A/D 
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
AD9)/AD8)AD7|AD6\|AD5|AD4/AD3/AD2/AD1;ADO;| — | — |} — | —]|— | — 
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Read/Write R R R R R R R R RR R R R R 
\ 2 
ADDRBH ADDRBL 
| | 
A/D conversion data Reserved bits 
10-bit data giving an 
A/D conversion result 
ADDRC H/L—A/D Data Register C H/L H'E4, H'E5 A/D 
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
AD9)/AD8)AD7|AD6\|AD5|AD4/AD3/AD2}AD1;ADO; — | — |} — | —]|]— | — 
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Read/Write R R R R R R R R RR R R R R 
Je sXe ) 
ADDRCH ADDRCL 
| | 
A/D conversion data Reserved bits 
10-bit data giving an 
A/D conversion result 
ADDRD H/L—A/D Data Register D H/L H'E6, H'E7 A/D 
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
AD9)AD8)AD7|AD6\|AD5|AD4/AD3/AD2|}AD1;ADO} — | — |} — | —]|— | — 
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Read/Write R R R R R R R R R RR R R R 
\ J 
ADDRDH ADDRDL 





A/D conversion data 
10-bit data giving an 
A/D conversion result 
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Reserved bits 


ADCR—A/D Control Register 


Bit 


Initial value 
Read/Write 


H'E9 



































A/D 
7 6 5 4 3 2 1 0 
TRGE — — = — _ — —_ 
0 1 1 1 1 1 1 1 
R/W — —_— — = — _ — 
ae 
Trigger enable 
0 





A/D conversion cannot be externally triggered 











1 | A/D conversion starts at the fall of the external trigger signal (ADTRG) 
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ADCSR—A/D Control/Status Register H'E8 A/D 
Bit 7 6 5 4 3 2 1 0 
ADF ADIE | ADST | SCAN CKS CH2 CH1 CHO 
Initial value 0 0 0 0 0 0 0 0 
Read/Write R/(W)* R/W R/W R/W R/W R/W R/W R/W 
Clock select 
0 | Conversion time = 266 states (maximum) 
1 | Conversion time = 134 states (maximum) 
Channel select 2 to 0 
Group Channel 
Selection) Selection Description 
CH2 CH1 | CHO | Single Mode | Scan Mode 
0 0 0 ANo ANo 
Benn mode ; 1 | AN, ANo, AN; 
See = 1 0 | AN, ANg to ANs 
oT 1 | AN3 ANo to AN3 
1 0 0 AN, ANg 
1 ANs AN4, ANs 
1 0 ANg AN, to ANg 
1 ANZ AN, to ANZ 
A/D start 
0 | A/D conversion is stopped 
1 | Single mode: A/D conversion starts; ADST is automatically cleared to 0 when 
conversion ends 
Scan mode: A/D conversion starts and continues, cycling among the selected 
channels, until ADST is cleared to 0 by software, by a reset, or by a 
transition to standby mode 




















A/D interrupt enable 
0 | A/D end interrupt request is disabled 
1 | A/D end interrupt request is enabled 




















A/D end flag 





0 


[Clearing condition] 
Read ADF while ADF = 1, then write 0 in ADF 











[Setting conditions] 


Single mode: A/D conversion ends 
Scan mode: A/D conversion ends in all selected channels 








Note: * Only 0 can be written, to clear flag. 
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ABWCR—Bus Width Control Register H'EC Bus controller 
































Bit 7 6 5 4 3 2 1 0 
ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO 
Initial | Mode 1,3 1 1 1 1 1 1 1 1 
value ee 2,4 0 0 0 0 0 0 0 0 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 











Area 7 to 0 bus width control 



























































Bits 7 to 0 
AWB7 to AWBO | Bus Width of Access Area 
0 Areas 7 to 0 are 16-bit access areas 
1 Areas 7 to 0 are 8-bit access areas 
ASTCR—Access State Control Register H'ED Bus controller 
Bit 7 6 5 4 3 2 1 0 
AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO 
Initial value 1 1 1 1 1 1 1 1 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 











Area 7 to 0 access state control 























Bits 7 to 0 
AST7 to ASTO Number of States in Access Cycle 
0 Areas 7 to 0 are two-state access areas 
1 Areas 7 to 0 are three-state access areas 
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WCR—Wait Control Register 


Bit 


Initial value 
Read/Write 


H'EE Bus controller 





























7 6 5 4 3 2 1 0 
= = i — | wmsi | wMso |) wci | wco 
1 1 1 1 0 0 1 1 

a3 =: a = RW RW RW RW 

















Wait mode select 1 and 0 


Wait count 1 and 0 





































































































Bit3 | Bit 2 Bit 1 | BitO 
WMS1|WMSO! Wait Mode WC1 | WCO | Number of Wait States 
0 0 Programmable wait mode 0 0 No wait states inserted by 
1 | No wait states inserted by wait-state controller 
wait-state controller 1 1 state inserted 
1 0 Pin wait mode 1 0 2 states inserted 
1 Pin auto-wait mode 1 3 states inserted 
WCER—Wait Controller Enable Register H'EF Bus controller 
Bit 7 6 5 4 3 2 1 0 
WCE7 | WCE6 | WCE5 | WCE4 | WCE3 | WCE2 | WCE1 | WCEO 
Initial value 1 1 1 1 1 1 1 1 
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Wait state controller enable 7 to 0 





0 


Wait-state control is disabled (pin wait mode 0) 








1 








Wait-state control is enabled 
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MDCR—Mode Control Register H'F1 System control 
sit 7 6 5 4 2 1 0 

— — — — — MDS2 | MDS1 | MDSO 
iitial value 1 1 0 0 —=* —* — 
tead/Write — — = — = R R R 


Mode select 2 to 0 ——— 


















































Bit2 | Bit1 | Bito 
MDs | MD, | MDp | Operating mode 
0 0 0 |— 
1 Mode 1 
1 0 Mode 2 
1 Mode 3 
1 0 0 Mode 4 
1 Mode 5 
1 0 Mode 6 
1 Mode 7 





Jote: * Determined by the state of the mode pins (MD2 to MDo). 
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SYSCR—System Control Register H'F2 System control 


Bit 


Initial value 
Read/Write 



































7 6 5 4 3 2 1 0 
SSBY STS2 STS1 STSO UE NMIEG = RAME 
0 0 0 0 1 0 1 1 
R/W R/W R/W R/W R/W R/W = R/W 

















i 
RAM enable 





0 | On-chip RAM is disabled 





=e 








On-chip RAM is enabled 





NMI edge select 





0 | An interrupt is requested at the falling edge of NMI 





=e 











An interrupt is requested at the rising edge of NMI 








User bit enable 





0 | CCR bit 6 (Ul) is used as an interrupt mask bit 





=e 








CCR bit 6 (UI) is used as a user bit 








Standby timer select 2 to 0 





Bit6 | BitS | Bit4 
STS2 | STS1 | STSO | Standby Timer 








0 0 0 Waiting time = 8192 states 


























1 Waiting time = 16384 states 
1 0 Waiting time = 32768 states 
1 Waiting time = 65536 states 
1 0 — | Waiting time = 131072 states 
1 — _ | Illegal setting 














Software standby 





0 | SLEEP instruction causes transition to sleep mode 





=? 








SLEEP instruction causes transition to software standby mode 
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BRCR—Bus Release Control Register H'F3 Bus controller 



































Bit 7 6 5 4 3 2 1 0 
A23E | A22E | A2IE = = = =.” Sake 
Maes Initial value 1 1 1 1 1 1 1 0 
5to7 _Read/Write — = = = a = oe R/W 
Modes! Initial value = 1 1 1 1 1 1 1 0 
3,4 | Read/Write RW RW RW a 3 = = R/W 











Bus release enable 





0 | The bus cannot be released to an external device 











=e 


The bus can be released to an external device 








Address 23 to 21 enable 
0 Address output 
Other input/output 








=e 


















































ISCR—IRQ Sense Control Register H'F4 Interrupt controller 
Bit f- 6 5 4 3 2 1 0 
— — IRQ5SC | IRQ4SC | IRQ3SC | IRQ2SC] IRQ1SC | IRQ0SC 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 


IRQs to IRQ sense control 



























































0 | Interrupts are requested when IRQs to IRQg inputs are low 
1 | Interrupts are requested by falling-edge input at IRQs to IRQo 
IER—IRQ Enable Register H'F5 Interrupt controller 
Bit 7 6 5 4 3 2 1 0 
— — IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQIE | IRQO0E 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R(W) RW) RW) RW) RW) RW) RW) RW) 


IRQ; to IRQ) enable 
0 | IRQs to IRQg interrupts are disabled 
IRQs to IRQp interrupts are enabled 











=e 
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ISR—IRQ Status Register H'F6 Interrupt controller 
































Bit 7 6 5 4 3 2 1 0 
— — IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQIF | IRQOF 

Initial value 0 0 0 0 0 0 0 0 

Read/Write — — R/(Wyk = -R/(WY* R/(WYt R/(WY* R/(WY*R/(WY 











| 
IRQ; to IRQg flags 

















Bits 5 to 0 
IRQ5F to IRQOF | Setting and Clearing Conditions 

0 [Clearing conditions] 
Read IRQnF when IRQnF = 1, then write 0 in IRQnF. 
IRQnSC = 0, IRQn input is high, and interrupt exception 
handling is carried out. 
IRQnSC = 1 and IRQn interrupt exception handling is 
carried out. 

1 [Setting conditions] 
IRQnSC = 0 and IRQn input is low. 
IRQnSC = 1 and IRQn input changes from high to low. 











(n = 5 to 0) 


Note: * Only 0 can be written, to clear the flag. 
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IPRA—Interrupt Priority Register A H'F8 Interrupt controller 
































Bit 7 6 5 4 3 2 1 0 
IPRA7 | IPRA6 | IPRA5 | IPRA4 | IPRA3 | IPRA2 | IPRA1 | IPRAO 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 








Priority level A7 to AO 
0 | Priority level 0 (low priority) 
Priority level 1 (high priority) 








=e 














e Interrupt sources controlled by each bit 


Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
IPRA7 IPRA6 IPRAS' IPRA4 IPRA3- IPRA2~ IPRA1_ IPRAO 


Interrupt IRQ> IRQ; IRQ, IRQy  WDT, ITU ITU ITU 






































source IRQ3 IRQs Refresh chan-  chan- — chan- 
Con- nel 0 nel 1 nel 2 
troller 
IPRB—Interrupt Priority Register B H'F9 Interrupt controller 
Bit 7 6 5 4 3 2 1 0 
IPRB7 | IPRB6 | IPRB5 _ IPRB3 | IPRB2 | IPRB1 — 
Initial value 0 0 0 0 0 0 0 0 


Read/Write R/W R/W R/W R/W R/W R/W R/W R/W 


| 
Priority level B7 to BO 


0 | Priority level 0 (low priority) 
Priority level 1 (high priority) 























=e 














e Interrupt sources controlled by each bit 


Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 





IPRB7 IPRB6 IPRB5 — IPRB3. IPRB2 IPRB1 — 
Interrupt ITU ITU DMAC — SCl SCl A/D — 
source chan- chan- chan- chan- con- 

nel 3 nel 4 nel 0 nel 1 verter 
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Appendix C I/O Port Block Diagrams 


C.1 Port 1 Block Diagram 








Software 
standby Mode 6/7 


Hardware standby —— 
External bus 
released 


























Internal data bus (upper) 
Internal address bus 




































































Mode 1 to 4 nee 
—ce= ; 
eae Q 
P1,DDR 
Cc 
WP1D 
Reset 
Mode 6/7 
R 
|» —< , Q 
P1 n HS P1 nDR 
Mode ¢ 
1to5 WP1 
[> 














poZ== RP4 








Z 








WP1D: Write to P1DDR 
WP1: Write to port 1 
RP1: Read port 1 
n=O0to7 





Figure C-1 Port 1 Block Diagram 
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C.2 Port 2 Block Diagram 





























released 


Hardware standby ——- 
External bus 


Software 
standby Mode 6/7 








a 

















Mode 1 to 4 











ix Ele 








Mode 6/7 























P2n 














mie 








Mode 
1to5 














Internal data bus (upper) 


























0 


-—*— RP2 








WP2P: Write to P2PCR 
RP2P: Read P2PCR 
WP2D: Write to PADDR 


WP2: Write to port 2 
RP2: Read port 2 
n=O0to7 














Internal address bus 





Figure C-2 Port 2 Block Diagram 
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C.3 Port 3 Block Diagram 








Hardware standby R 





address 








External Mode 6/7 
pa busretased | "+I D 
Write to external P3,DDR 


























| Mode 6/7 
’ Q 
P3n HES P3,DR 














7” 














Mode 
1to5 











—c 








Le 
-—CFT pg 























| 
Read external 





address 


WPS3D: Write to PSDDR 
WP3: Write to port 3 
RP3: Read port 3 
n=Oto7 








Internal data bus (upper) 





Figure C-3 Port 3 Block Diagram 
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C.4 Port 4 Block Diagram 








8-bit bus 16-bit bus 
mode mode 


Mode Mode 
6/7 1to5 



































oe Write to external 
i———* address 






































Pay |-+—_< | + = if 




















Internal data bus (upper) 









































Read external 
address 





WP4P: Write to PAPCR 
RP4P: Read P4PCR 
WP4D: Write to PADDR 
WP4: Write to port 4 
RP4: Read port 4 
n=O0to7 


= aieg 
esa. 
a 








Internal data bus (lower) 





Figure C-4 Port 4 Block Diagram 
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C.5 Port 5 Block Diagram 




















WPSP: 
RP5P: 
WPSD: 
WPS: 
RPS: 


P5n |}—¢—~ 

















Hardware standby 
External bus 
released 


—a 


HS 








<= 


Software 
standby Mode 6/7 








RP5P 














Mode 1 to 4 











Mode 
6/7 

















Mode 
1to5 











Internal data bus (upper) 





























RPS 





[> 


Write to PSPCR 
Read P5PCR 
Write to PSDDR 
Write to port 5 
Read port 5 


n=0to3 











Internal address bus 





Figure C-5 Port 5 Block Diagram 
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C.6 Port 6 Block Diagrams 




























































































Reset 
| 
R g 
ne) 
maz ese ri 
P6) DDR S 
C s Bus controller 
o' | 
Mode 6/7 WP6D =: WAIT 
mes Cn ‘_ input 
Reset enable 
R 
P6> |. a Q DI-+ 
P6)DR 
Cc 
T 
WP6 
Nl C 
_ 
Ga RP6 
| Ios Bus controller 
WP6D: Write to PEDDR d i» WAIT 
input 








WP6: Write to port 6 
RP6: Read port 6 





Figure C-6 (a) Port 6 Block Diagram (Pin P69) 
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P64 + 



































- 





WP6D: Write to PEDDR 
WP6: Write to port 6 
RP6: Read port 6 








R 2 Bus 
x controller 
D 0 ISS Sa 
P6,DDR so 
; am 1 
C S| 
ECT Mode 6/7 WP6D = Bus release 
Reset ‘enable 
R 
D : 
P6,DR 
C | 
WP6 ! 
|+—— RP6 | 
> BREQ input 














Figure C-6 (b) Port 6 Block Diagram (Pin P6,) 
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P65 
































7 P- Mode 6/7 
oat 




















Internal data bus 


Bus controller 





enable 








een 

















pe RP6 





WP6D: Write to PEDDR 


WP6: 
RP6: 


Write to port 6 
Read port 6 














Figure C-6 (c) Port 6 Block Diagram (Pin P6,) 
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Software 
standby Mode 6/7 


Hardware standby —+ 
External bus 













































































released Reset 

| a 
R Fe] 
iv 
AG. 3 
+ me} 
P6,DDR o 
£ 
jo) 
c = 

WP6D 

Reset 
| 
R 
1 Mode 6/7 
| _» —. t Q 
iad HS Mode P6,DR 
1to5 
Cc 
AS output 
WP6 RD output 
HWR output 
4 LWR output 
| 

















poses RP6 

















WP6D: Write to PEDDR 
WP6: Write to port 6 
RP6: Read port 6 
n=6to3 





Figure C-6 (d) Port 6 Block Diagram (Pins P6,_ to P63) 


708 





C.7 Port 7 Block Diagrams 








RP7 


P7 > [> 
| A/D converter 
ae <] ° Input enable 








Internal data bus 





























RP7: Read port 7 
n=0to5 





Figure C-7 (a) Port 7 Block Diagram (Pins P79 to P75) 








RP7 


P7, roa : 

















Internal data bus 


A/D converter 



























































RP7: Read port 7 
n=6and7 





Figure C-7 (b) Port 7 Block Diagram (Pins P7¢ and P77) 
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C.8 Port 8 Block Diagrams 

















P80 






























































WP8D: Write to PBDDR 





WP8:_ Write to port 8 
RP8: Read port 8 








Reset 
| 
R 
wn 
D> 
Q D = 
P8,DDR o 
me} 
Cc cI 
l = 
WP8D oO 
Reset = 
R 
T Q D Refresh 
P8 DR controller 
Cc ieee Poe 
CP Mode 6/7 WP8 ‘Output 
; enable 
! RFSH 
output 
N — ; 
aioe RP8 
NI Interrupt 
controller 
d> “= IRQo 
input 





Figure C-8 (a) Port 8 Block Diagram (Pin P89) 
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WP8D Write to PBDDR 
WP8: Write to port 8 
RP8: Read port 8 
n=1to3 


R g 
a 
oO 
Ta D = B i 
P8,DDR ey « PPupcoonst 
C BY ol 
T 2 1 
WP8 = 3 es 
Reset ql Z 
| i CS3 
Mode 6/7 R ies 
P8, [-—~—< I~ (= t Q 2 
Mode 1 to 5 P8,DR 
Cc 
T 
wps 
a 
1 al 
ee RP8 
NI Interrupt 
| controller 
IRQ, 
oO a IRQ2 
| IRQg input 








Figure C-8 (b) Port 8 Block Diagram (Pins P8,, P85, P83) 
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Internal data bus 


Bus controller 
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Mode 1 to 5 





























—C ET 7 
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RP8 





WP8D: Write to PBDDR 
WP8: Write to port 8 
RP8: Read port 8 











output 





Figure C-8 (c) Port 8 Block Diagram (Pin P84) 
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C.9 Port 9 Block Diagrams 

































































Reset 
t 
R 
wn 
po 
ne} 
Cee pe man: 
P9,DDR 5 
Cc is) 
€ 
WP9D BS) 
Reset = 
i 
R 
+ Q D 
P9n ° 
P9, DR SCI 
C oT s es 
a 
| wp9 Output 
; enable 
— Serial 
' transmit 
C -—* | data 






































> [> 


WPS9D: Write to P9IDDR 
WP9: Write to port 9 
RP9: Read port 9 
n=Oand 1 





Figure C-9 (a) Port 9 Block Diagram (Pins P99, P9,) 
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| __@___ 


RP9 





WP9D: Write to P9IDDR 


WP9: Write to port 9 
RP9: Read port 9 
n=2and3 














data 





Figure C-9 (b) Port 9 Block Diagram (Pins P9,, P93) 
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Serial receive 

















































































































R g 
fe} 
+1Q D 8 
P9,,DDR 3 
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WP9D ep ie ee ae 
: ™— Clock input 
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pa sh R 
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P9, DR 
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WP9 Clock output 
*~ enable 
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= Clock input 
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WP9: Write to port 9 controller 
RP9: Read port 9 [ronda eens 
n=4and5 d r™ IRQ, or IRQ 
‘input 





Figure C-9 (c) Port 9 Block Diagram (Pins P94, P95) 
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C.10 Port A Block Diagrams 








PAn 
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[> 


WPAD: Write to PADDR 
WPA: Write to port A 
RPA: Read port A 
n=Oand1 





Figure C-10 (a) Port A Block Diagram (Pins PAg, PA,) 
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output 
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clock input 
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*— RPA Input 
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RPA: Read port A 
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Figure C-10 (b) Port A Block Diagram (Pins PA), PA3) 
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CI enable 
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Cc 1 
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'_ Output 
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-| 
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] ‘Input 
' capture 


WPAD: Write to PADDR 
WPA: Write to port A 
RPA: Read port A 
n=4to7 





Figure C-10 (c) Port A Block Diagram (Pins PA, to PA,) 
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C.11 Port B Block Diagrams 
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WPB: Write to port B 
RPB: Read port B 
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Figure C-11 (a) Port B Block Diagram (Pins PBg to PB3) 
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n=4and5 


Read port B 





Figure C-11 (b) Port B Block Diagram (Pins PB4, PBs) 
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~ Output 
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Figure C-11 (c) Port B Block Diagram (Pin PB¢) 
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Figure C-11 (d) Port B Block Diagram (Pin PB7) 
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Appendix D Pin States 


D.1 Port States in Each Mode 


Table D-1 Port States 















































Hardware Software Bus- Program 
Pin Standby Standby Released Execution, 
Name Mode Reset Mode Mode Mode Sleep Mode 
g — Clock output T H Clock output Clock output 
RESO — T* T T T RESO 
Pi7toP1lg 1to4 L T T T Az to Ao 
5 T T keep T Input port 
(DDR = 0) 
T T Az to Ao 
(DDR = 1) 
6,7 T T keep keep I/O port 
P27 to P25 1to4 L T T T Ais to Ag 
5 T T keep T Input port 
(DDR = 0) 
T T Ajy5 to Ag 
(DDR = 1) 
6,7 T T keep keep I/O port 
P37 to P35 1to5 T T T T Dis to Dg 
6,7 T T keep keep I/O port 
P47toP4, 1to5 8-bitbus T T keep keep I/O port 
16-bit bus T T T T D7 to Do 
6,7 T T keep keep I/O port 
Legend 
H: High 
L: Low 


TE High-impedance state 

keep: Input pins are in the high-impedance state; output pins maintain their previous state. 
DDR: Data direction register bit 

Note: * Low output only when WDT overflow causes a reset. 
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Table D-1 Port States (cont) 


















































Hardware Software Bus- Program 
Pin Standby Standby Released Execution, 
Name Mode Reset Mode Mode Mode Sleep Mode 
P53 to P5o 1to4 L: T T T Aig to Ai6 
5 T T keep i. Input port 
(DDR = 0) 
T T Aig to Aig 
(DDR = 1) 
6,7 T T keep keep I/O port 
P6y 1 to7 T T keep keep I/O port 
WAIT 
P6, 1to5 T T keep T I/O port 
(BRLE = 0) BREQ 
T 
(BRLE = 1) 
6,7 T T keep keep I/O port 
P65 1to5 T T: keep L I/O port 
(BRLE = 0) (BRLE = 0) 
H or BACK 
(BRLE = 1) (BRLE = 1) 
6,7 T T keep keep I/O port 
P6,toP63; 1to5 H T T T AS, RD, 
HWR, LWR 
6,7 T T keep keep I/O port 
P75toP7, 1to7 T T T T Input port 
P77, P7¢ 1to7 T T T keep I/O port 
P8_ 1to5 T T keep keep I/O port 
(RFSHE = 0) (RFSHE = 0) (RFSHE = 0) 
RFSH H or RFSH 
(RFSHE = 1) (RFSHE = 1) (RFSHE = 1) 
6,7 T T keep keep I/O port 
Legend 
H: High 
L: Low 


qT High-impedance state 


keep: Input pins are in the high-impedance state; output pins maintain their previous state. 


DDR: Data direction register bit 
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Table D-1 Port States (cont) 






































Hardware Software Bus- Program 
Pin Standby Standby Released Execution, 
Name Mode Reset Mode Mode Mode Sleep Mode 
P83 to P8, 1 to 4 T T T keep Input port 
(DDR = 0) (DDR = 0) or 
H CS3 to CS, 
(DDR = 1) (DDR = 1) 
6,7 T T keep keep I/O port 
P84 1 to 4 T keep Input port 
(DDR = 0) (DDR = 0) 
L or CSo 
(DDR = 1) (DDR = 1) 
5 T T T keep Input port 
(DDR = 0) (DDR = 0) 
L or CSo 
(DDR = 1) (DDR = 1) 
6,7 T T keep keep I/O port 
P9g,to P99 1to7 T T keep keep I/O port 
PA3toPAg 1to7 T T keep keep I/O port 
PAgto PA, 3,4 T T 1/O port*1 V/O port*2 — Ad3, Ago, Aoy 
(A23E/A22E/ 
A21E = 0) or 
I/O port 
(A23E/A22E/ 
A21E = 1) 
1, 2,5, 6,7 T T keep keep I/O port 
PA, 3, 4 T T I/O port"! /O port*? — Aa 
1,2,5,6,7 T T keep keep I/O port 
PB7toPBy 1to7 T T keep keep I/O port 
Legend 
H: High 
L: Low 


T: High-impedance state 


keep: Input pins are in the high-impedance state; output pins maintain their previous state. 


DDR: Data direction register bit 


Notes: 1. The pin state depends on the DDR bit. 
2. The pin state depends on the ITU output enable and DDR bits. 
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D.2 Pin States at Reset 


Reset in T, State: Figure D-1 is a timing diagram for the case in which RES goes low during the 
T, state of an external memory access cycle. As soon as RES goes low, all ports are initialized to 
the input state. AS, RD, HWR, and LWR go high, and the data bus goes to the high-impedance 
state. The address bus is initialized to the low output level 0.5 state after the low level of RES is 
sampled. Sampling of RES takes place at the fall of the system clock (¢). 





Access to external address 
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RES 

















Internal 
reset signal 











Address bus K \ H'000000 


CS, 


CS, to CS, ) 














High impedance 








AS 





High 


RD (read access) 





High 





HWR, LWR 
(write access) High 


High impedance 





Data bus 
(write access) 





High impedance 





I/O port 


Ee 








Figure D-1 Reset during Memory Access (Reset during T, State) 
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Reset in T, State: Figure D-2 is a timing diagram for the case in which RES goes low during the 
T> state of an external memory access cycle. As soon as RES goes low, all ports are initialized to 
the input state. AS, RD, HWR, and LWR go high, and the data bus goes to the high-impedance 
state. The address bus is initialized to the low output level 0.5 state after the low level of RES is 
sampled. The same timing applies when a reset occurs during a wait state (Tw). 
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Figure D-2 Reset during Memory Access (Reset during T, State) 
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Reset in T; State: Figure D-3 is a timing diagram for the case in which RES goes low during the 
T3 state of an external memory access cycle. As soon as RES goes low, all ports are initialized to 
the input state. AS, RD, HWR, and LWR go high, and the data bus goes to the high-impedance 
state. The address bus outputs are held during the T3 state. The same timing applies when a reset 
occurs in the T> state of an access cycle to a two-state-access area. 
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Figure D-3 Reset during Memory Access (Reset during T; State) 
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Appendix E Timing of Transition to and Recovery from 
Hardware Standby Mode 


Timing of Transition to Hardware Standby Mode 


(1) To retain RAM contents with the RAME bit set to 1 in SYSCR, drive the RES signal low 10 
system clock cycles before the STBY signal goes low, as shown below. RES must remain low 
until STBY goes low (minimum delay from STBY low to RES high: 0 ns). 
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(2) To retain RAM contents with the RAME bit cleared to 0 in SYSCR, or when RAM contents 
do not need to be retained, RES does not have to be driven low as in (1). 


Timing of Recovery from Hardware Standby Mode: Drive the RES signal low approximately 
100 ns before STBY goes high. 
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Appendix F Package Dimensions 


Figure F-1 shows the FP-100B package dimensions of the H8/3042 Series. Figure F-2 shows the 
TFP-100B package dimensions. 
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Figure F-1 Package Dimensions (FP-100B) 
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